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Preface 
Many environmental Cost-Benefit Analyses (CBA) have been performed in recent 
years, especially studies dealing with the effects of air pollution that can be monitored 
to a large extent. The outcome of these studies is that benefits tend to be much 
greater than abatement costs, even though not all benefits can be taken into account. 
One of the things that could not be taken into account until now were the effects of 
atmospheric air pollution on nature. Several studies using a contingent valuation 
method try to estimate the price people want to pay for nature quality.  However, the 
study presented in this report takes a different angle which is why the Ministry of 
Environment of the Netherlands asked Alterra Wageningen to perform this study. 
The study tries to estimate the nature management costs necessary to preserve 
ecosystems that receive excessive nitrogen deposition.  
  
The overall conclusion of the report is that there is a relationship between 
atmospheric deposition and management costs. Nationwide, an average of 42 million 
euro could have been saved yearly during the period 2000-2020, if the targets for 
reduction of atmospheric deposition had been met! Just as an example: an average 
reduction in nitrogen deposition of one mol per hectare per year nationwide could 
reduce nature management costs by 41.000 euro per year!  
 
Of course we have to take into account the assumptions and the limitations of this 
study, but in general we can now conclude that strong deposition reduction policies 
can save us money. The benefits of good nature management are likely to outweigh 
the costs of policies, based purely on abating the effects of atmospheric deposition. 
 
Given the limitations of the Alterra study, this conclusion cannot provide a definitive 
answer regarding the relationship between atmospheric deposition and management 
costs. But the outcome of the study reinforces our impression that although good 
nature management will cost money, it will save even more money if all benefits are 
taken into account. And this can be of value for the further discussion on 
atmospheric deposition in the Netherlands and within the European Union and the 
UN-ECE discussions. 
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This study, together with studies dealing with the effects of atmospheric pollution on 
damage to materials/monuments and the effects on drinking water fill in gaps of 
knowledge, making it possible to come to complete Cost-Benefit-Analyses. I will be 
transmitting this information to the European Union (CAFE) and the Economic 
Commission for Europe (CLRTAP) because I believe that such a CBA could be a 
helpful instrument in the review-process for the NEC-directive and for the 
Gothenburg-Protocol. 
 
 
 
Tilly Zwartepoorte 
 
Director Climate Change and Industry 
Directorate-General for Environmental Protection 
Ministry of Housing, Spatial Planning and the Environment 
The Netherlands 
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Summary 
Alterra was commissioned by the Dutch Ministry of Housing, Spatial Planning and 
the Environment (VROM) to estimate the additional costs made by nature reserve 
managers to mitigate the effects of atmospheric deposition. This report presents the 
results of this study. In an earlier stage Alterra already designed a method for 
estimating those costs based on the models of the Dutch Environmental Assessment 
Agency also used for calculating air pollution related effects on Dutch ecosystems for 
the LRTAP convention (Wamelink et al. 2003, Wamelink et al, accepted).  
This method is further developed and adjusted where necessary to estimate the cost 
made to counteract the effects of deposition on a nation-wide scale. The result of 
this study is therefore the amount of money that may be saved yearly when the 
defined deposition scenario is reached in 2020.  
 
The costs of increasing deposition – or the benefits of reducing deposition – were 
calculated from the costs for nature management per Nature Target Type (NTTs are 
defined as ecological objectives in terms of biotic and abiotic components) for both 
the current and reduced deposition levels, which result in a similar ecological quality. 
In this context, ecological quality is defined as the 'species protection level', or simply 
protection level; i.e. the percentage of species belonging to a certain NTT that has a 
probability of occurrence above a certain threshold.  
For this study, the NTTs which are taken into account are clustered in grassland, 
reed and roughland, heathland, forest and moorland pools.    
 
For the NTTs within the clusters grassland, reed and roughland and heathland model 
simulations are run using the set models of the ‘Nature Planner’. These models 
simulate the protection level of vegetation types as a result of management, 
deposition and soil parameters. The deposition level and the management intensity 
are subject of scenario analyses. Two deposition scenarios are used: 1) a constant 
deposition (deposition level 2000), and 2) a decreasing deposition level (decreasing 
from 2000 till 2010 and constant from 2010 till 2020) base on the effects of current 
Dutch policy measures and foreign emission ceilings. The deposition is site specific, 
i.e. the deposition may vary for every grid modelled. The management scenarios used 
consist of four management intensities, which are vegetation type specific.  
A representative number of sites per vegetation type are selected randomly chosen 
from the nature target map. For these sites the percentage protected species is 
simulated per scenario for the year 2020. For the constant deposition scenario the 
current management is simulated and used as a reference. For the decreasing 
deposition scenario four management scenarios were simulated. The management 
intensity that leads to the same protection level for the decreasing deposition 
scenario as for the constant deposition scenario is selected. The benefits of 
deposition reduction are subsequently calculated as the difference in management 
costs required to obtain the protection level at the two deposition scenarios. 
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The model output that is used for the calculation of nature management costs per 
management scenario and deposition level mainly consists of quantities of biomass 
removed by grazing, mowing, sod cutting and removal of young trees.   
 
For forests and moorland pools a different approach is used, because the models are 
not equipped for moorland pools, and the earlier study showed that the management 
in forests that can be simulated by the ‘Nature Planner’ does not affect the effect of 
deposition. For these types also two deposition scenarios are used; one is the average 
deposition for 2000 and one is the average deposition decrease from the scenario 
used in the ‘Nature Planner’, both averages being the nation-wide averages for the 
Netherlands. The management is based on the management measures to mitigate the 
effects of deposition in moorland pools and forest.  
For the evaluation of the scenarios it was assumed that costs decrease proportionally 
to deposition, and become zero when deposition equals the critical load for a given 
ecosystem. When the deposition rate dropped below the critical load it was assumed 
that no extra management is necessary anymore.  
 
The costs for management measures are mainly based on time standards and 
standard rates. In cases were required data from costs standards was not available, 
the data were supplemented with data from additional research and data from nature 
management organisations. Costs are calculated only for measures that vary 
depending on the level of deposition. Fixed costs, which do not depend on the level 
of management effort or the level of atmospheric deposition, are excluded from the 
calculations. In order to deal with uncertainties three cost scenarios are calculated; a 
medium scenario, a low costs scenario and high costs scenario, resulting in a likely 
range of differences in costs between deposition scenarios. The medium scenario is 
the base for the calculations and is thought of as being the most likely scenario. 
 
Roughly one third of all nature in the Netherlands is taken into account in this study. 
Excluded were NTTs that are not managed and NTTs that are not susceptible to 
deposition (i.e. multifunctional and sometimes fertilized types). This does not mean 
that NTTs which are not taken into account will not benefit from a decreasing 
deposition level. Most likely all natural and semi-natural NTTs will.   
 
For the NTTs within the clusters grassland, reed and roughland and heathland less 
intensive management at lower deposition levels led to a higher protection level at 
60% of the area. For 6% of the area the protection level for the reduced deposition 
level and reduced management intensity was equal to the protection level at the 
current deposition level. For 34% of the area the protection level for the reduced 
deposition level and reduced management intensity was lower than the protection 
level at the current deposition level (29% of this 34% however, reached a protection 
level that was just 2% below the protection level at the current deposition). 
The weighted average protection level for the current deposition levels is 21.4 while 
for the reduced deposition levels the weighted average protection level is 28.8. This 
means that the protection levels increased for reduced deposition levels compared to 
the current deposition levels, even though a less intensive management is applied. 
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The total amount of money that may be saved because of the reduction of deposition 
rates is estimated on 42 million euro per year for the period from 2000 till 2020 for 
the assessed NTTs.  The highest savings can be made in grassland; 28 million euro, 
in reed and roughland 8 million euro may be saved, 4 million euro in heathland, 2 
million in forest and app. 1 million euro in moorland pools.  
On average, over a nitrogen deposition reduction from app. 2300 to app. 1300 mol 
per hectare per year, a reduction of one mol per hectare per year can lead to a 
reduction of costs for nature management of € 42 thousand per year for the involved 
one third of the Dutch NTTs.  
 
The used method of linking modelling of vegetation development as e result of 
management and deposition change with estimation of management costs is possible 
and appears to give good results. In principle this method could be up scaled to the 
European level. The model results as well as the costs results are typical for the 
situation in The Netherlands but the models as well as the costs estimation could be 
adapted for Europe. It is also possible to use other models to estimate the benefits 
from deposition reduction. The critical loads necessary for the up scaling are already 
at least partly available, the deposition levels for Europe can be modeled, and the 
management applied to the vegetation types and the costs of that management may 
be estimated in the same way we did.  
When applying the method to Europe, deposition will vary more widely than for The 
Netherlands, especially for the low deposition levels. The gain in percentage 
protected species will be on average lower than in The Netherlands due to a lower 
average deposition level. In areas where the deposition is comparable with The 
Netherlands (e.g. England, parts of Denmark and Germany, Belgium) the savings 
due to a lower deposition may be of the same magnitude.  
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Samenvatting 
Om de effecten van depositie op de natuur teniet te doen worden in Nederland extra 
beheersmaatregelen uitgevoerd. Dit kan bijvoorbeeld bestaan uit het vaker maaien of 
intensiever begrazen van graslanden, of het vaker plaggen van heide. Als de depositie 
daalt, hoeft dit extra beheer niet langer meer te worden uitgevoerd en kan op de 
kosten van het natuurbeheer worden bespaard. In opdracht van het Ministerie van 
VROM heeft Alterra onderzocht hoeveel geld er kan worden bespaard bij een daling 
van de depositie. De besparing kan oplopen tot 42 miljoen euro per jaar voor de 
periode 2000-2020. De grootste besparing kan worden bereikt door extensiever 
beheer van graslanden (28 miljoen euro). 
 
In het onderzoek is gebruik gemaakt van modellen. Deze berekenen voor elk jaar wat 
het effect is van het beheer op de vegetatie. De depositie daalt volgens een scenario 
(aangedragen door VROM) in de periode 2000 tot 2010, om daarna stabiel te blijven 
tot 2020. De modellen berekenen afhankelijk van het beheer hoeveel biomassa er 
wordt geoogst en afgevoerd. Hieraan zijn kosten verbonden; hoe meer biomassa er 
wordt afgevoerd hoe hoger de kosten zijn. Daarnaast zijn de intensiteit van het 
beheer en het type beheersmaatregelen van invloed op de kosten. Als graadmeter 
voor het effect van het beheer wordt de kans op voorkomen van een Natuurdoeltype 
berekend. Hoe hoger het aantal doelsoorten behorend bij een Natuurdoeltype, hoe 
hoger de kans op voorkomen van het Natuurdoeltype is. 
 
De te besparen kosten zijn berekend als het verschil in de kosten bij de huidige 
depositie en bij de dalende depositie bij een gelijkblijvende kans op voorkomen van 
het Natuurdoeltype. De theorie hier achter is dat bij een dalende depositie en een 
gelijkblijvend beheer de kans op voorkomen van het Natuurdoeltype toeneemt. Het 
extensiveren van het beheer geeft echter weer lagere kansen. Daar waar de kansen 
hetzelfde zijn voor de huidige depositie en de dalende depositie is het verschil in 
beheerskosten berekend.  
 
De kostenbesparing is berekend op basis van een representatieve steekproef. Van de 
Natuurdoeltypenkaart zijn 180 sites geselecteerd en doorgerekend met site specifieke 
informatie over depositie, bodemtype, vegetatie type enz. De kosten zijn berekend 
per site en daarna samengevoegd tot vijf vegetatie typen: grasland, rietland, heide, bos 
en vennen. Omdat het beheer dat wordt uitgevoerd in bossen en vennen ter 
voorkoming van de negatieve effecten van depositie niet door de modellen kan 
worden gesimuleerd, is de intensiteit van het beheer bij de huidige en de dalende 
depositie op een ander wijze geschat. Daarbij is uitgegaan van literatuurbronnen en 
expert judgement.  
 
In dit onderzoek is alleen terrestrische natuur waar beheer wordt uitgevoerd 
meegenomen. Dit is in totaal 523 duizend van de 1050 duizend hectare terrestrische 
natuur. Gemiddeld per jaar kan voor heide dan 3,6 miljoen, voor grasland 28 miljoen, 
voor rietland 8,1 miljoen, voor bossen 1,6 miljoen en voor vennen 0,6 miljoen euro 
worden bespaard. 
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1 Introduction 
1.1 Background 
 
Several reports published by the Dutch National Institute of Public Health and 
Environmental Protection (RIVM) (e.g. Natuurbalans, RIVM 2001 and 
Natuurverkenningen, RIVM 2002) have discussed the relation between atmospheric 
deposition and the feasibility of nature target types (NTTs) over the last few years. 
The NTTs are defined as an ecological objective in terms of biotic and abiotic 
components and consist of 132 units1. They should be regarded as a toolbox for 
planning, management and policy evaluation (Bal et al. 1995). The relation between 
atmospheric deposition and the management costs associated with the achievement 
of NTTs has not yet been assessed; although Carpenter et al. (1998) considered in a 
similar way the cost and benefit of the management of non-point pollution in lakes. 
Nuppenau (2002) modelled the relation between humans and nature in a broad 
sense; here we focus on the influence of deposition on the costs of nature 
management. 
 
Alterra was commissioned by the Dutch Ministry of Housing, Spatial Planning and 
the Environment (VROM) to design a method that could estimate the additional 
costs made by nature reserve managers to mitigate the effects of atmospheric 
deposition. This study represents a country-wide application of a method developed 
earlier (Wamelink et al. 2003, Wamelink et al. accepted), which was a first step 
towards the development of a new perspective on acidification policy, to provide the 
government with information on savings resulting from atmospheric deposition 
abatement. In addition, the study could render nature managers more fully aware of 
the adverse (financial) consequences of atmospheric deposition.  
 
 
1.2 Research aim and conceptual framework 
 
The aim of the study was to assess the relation between atmospheric deposition, 
ecological quality and management costs nation-wide.  
 
Estimating the additional management costs necessary to counteract the effects of 
atmospheric deposition requires large quantities of data, the most important of which 
relate to the ecological quality at current deposition levels and the target ecological 
quality at a particular site. These data were obtained by combining the Dutch NTT 
map with a deposition map. Information is also required on the additional 
management measures that have to be taken in order to remove the excess 
atmospheric deposition, and the costs of these measures. The ‘Nature Planner’ is a 
set of modelling instruments (Latour et al., 1997), which can be used to estimate 
                                                          
1 In 2001 a new system of nature target types has been introduced. In this study the old system has 
been used.  
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what ecological quality can be achieved in a particular NTT at a particular level of 
atmospheric deposition with a particular type of management. This is achieved by 
varying the management intensity per NTT, resulting in different ecological qualities 
for each NTT. The costs of various management intensities can be directly derived 
from the management measures taken (e.g. mowing or sod-cutting). By applying this 
procedure at two deposition levels (current deposition and reduced deposition) the 
three-way relation between deposition, costs and protection level can be assessed. 
The benefits of deposition reduction can subsequently be calculated as the difference 
in management costs required to obtain a given protection level at the two deposition 
scenarios. 
 
 
1.3 Limitations of this study 
 
In this study, a method is described to estimate the extra management costs to 
diminish or undo the negative effects of atmospheric deposition. Both the models 
and the method itself have their limitations. Below we particularly discuss the 
limitations of the method. The limitations of the models are only mentioned as far as 
they are crucial to the present method. This study is subject to the following 
limitations: 
- The study only considers acidification and nitrogen deposition as elements of 
atmospheric deposition. Other substances that also influence the realisation of 
NTTs are not considered in this study (e.g. climate change, increased Co2 
levels). 
- This research concerns the acid and nitrogen deposition. Both are the subject 
of the deposition scenarios for the model runs. Since management only 
influences the effect of nitrogen deposition management costs are only made 
for the reduction of the effect of nitrogen deposition on vegetation (hardly any 
management is carried out to reduce the effects of acid deposition). 
Management costs are accounted by a certain percentage protected species. 
Both the reduction of acid and nitrogen deposition does influence the 
percentage of protected species.    
- The hydrology within NTTs is regarded constant. It is commonly assumed that 
the hydrology (especially lower groundwater levels) is a very important factor 
in realising NTTs. 
- The method developed is only applicable for terrestrial ecosystems and 
moorland pools. The used models (the current ‘Nature Planner’) are not 
suitable for evaluating aquatic ecosystems. 
- For a part of the NTTs no management is carried out. Those NTTs are not 
taken into account in this study, even though effects of atmospheric deposition 
may be present. NTTs that are fertilised are also not taken into account, i.e. 
grasslands for bird protection and commercially managed reed lands.  
- The study only assesses the relation between acidification, nitrogen deposition, 
management, and flora. Effects of fauna are not included in this study. 
- The study is based on the national NTT-map, as created by the Provincial 
governments. In practice, these NTTs have not yet been realised at all 
locations  
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- The national distribution maps of deposition of acid and nitrogen, made by 
RIVM, were used for this study. 
- We used the deposition scenarios as stipulated by VROM.    
- The result of this study provides generic output on national level. It does not 
provide maps from which the relationship between deposition, nature quality, 
and management costs can be derived in a spatially explicit way. 
- The results of this study exclusively pertain to potential (i.e. abiotic) suitability 
of the locality for target species. Dispersion has not been included as a factor. 
- The study describes a method to calculate management costs necessary to 
realise the nature quality defined in the national NTT-map, at a given 
deposition level. The management costs, as presented in this study, are possibly 
different from the expenses actually made in practice (e.g. because at present 
not all NTTs are adequately protected). 
- In linking management costs to (decreasing) deposition levels, we used current 
costs standards. In cases where no costs standards were available, data from 
the current management practice have been used. 
 
 
1.4 Reading guide 
 
In chapter 2, the research method is described. First the general approach is outlined. 
Next, the models in the ‘Nature planner’ are briefly described and methods for cost 
calculations are explained. 
In chapter 3 the results are presented, starting with the ecological quality reached and 
followed by the costs involved. 
Chapter 4 discusses the outcome of the study and finally, in chapter 5, conclusions 
are drawn. 
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2 Materials and methods 
2.1 Approach 
 
In this project the method described by Wamelink et al. (2003) was further 
elaborated. Calculations are made for all NTTs which are influenced by atmospheric 
deposition and for which management measures2 can be (and are) carried out to 
reduce the effects it causes. This excludes non-managed NTTs, even though effects 
of atmospheric deposition may be present, such as parts of the coastal dunes. 
Fertilised NTTs, such as grasslands with an agricultural main function and 
commercially managed reed lands are also excluded as were freshwater and marine 
ecosystems.   
 
The present study uses a nation-wide but site-specific approach, i.e. calculations are 
made for each 250*250 m2 grid square where NTTs occur, using the local 
deposition, hydrological and soil conditions. Besides a constant deposition (as in the 
earlier study), this study also includes the effect of a gradually changing deposition. 
For forest and moorland pools the modelling approach used in the earlier study is 
not applicable. Therefore management costs have been estimated for the latter 
ecosystems based on another method. 
 
As already mentioned above, two approaches are used to assess the relationship 
between atmospheric deposition, ecological quality and management costs. The first 
approach is based on a method that was designed in a previous study, using model 
simulations (see also Wamelink et al. 2003 and Wamelink et al. accepted). This study 
made clear that for some nature types a supplementary approach is required. This 
supplementary approach is also included in this study. 
 
The NTTs included in this study are subdivided into five clusters, namely: 
1. Heathland 
2. Grassland 
3. Reed and roughland 
4. Forest 
5. Moorland pools 
 
The first three clusters are evaluated using the ‘Nature Planner’ approach. The pilot 
(Wamelink et al. 2003) showed that model simulations could not be used for forest, 
because the nitrogen availability and therefore the costs for biomass removal were 
not influenced by management. The models are not suited to simulate the effects of 
management in moorland pools either.  
In the following text the approaches are described. 
 
                                                          
2 In this study, management measures are defined as activities carried out in NNTs to reduce the 
negative effects of deposition.  
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The ‘Nature Planner’ approach 
The costs of increasing deposition – or the benefits of reducing deposition – were 
calculated from the costs for nature management per NTT for both the current and 
reduced deposition scenario, which result in a similar ecological quality. The result 
reflects only the costs for the NTTs used for this approach and do not reflect the 
cost for natural areas in general. 
In this context, ecological quality is defined as the 'species protection level', or simply 
protection level; i.e. the percentage of species belonging to a certain target type that 
has a probability of occurrence above a certain threshold.  
 
A method developed in the earlier project (Wamelink et al. 2003 and Wamelink et al. 
accepted) was used for this project, although adjustments were made. The approach 
in the previous study was based on the principle that, for an increased deposition 
level, increased management effort is required (which implies increased costs) to 
attain the same level of species protection that would be reached at a low deposition 
level. High levels of deposition however limit the protection level that can be 
attained, whatever the management effort. Since there are limits to what can be 
achieved in terms of protection levels at higher deposition levels, an adjusted 
approach is used in the present study. The present study is based on the principle 
that, when deposition levels are reduced, a less intensive management can be 
sufficient to reach a given level of species protection.  
 
Figure 1 depicts the theoretical relation between management costs and the species 
protection level. If the relation between costs and protection levels is known for 
various deposition scenarios, the difference in costs between these deposition 
scenarios can be calculated as the difference in the costs of nature management 
between various deposition scenarios for a fixed reference level of protection. This is 
indicated in Figure 1 as the difference between C1 and C2. The reference level of 
protection is the protection level that serves as the reference for the calculations and 
that has to be achieved in the various deposition scenarios, if necessary by 
intensifying the management. This reference level can be established in various ways, 
for instance as the protection level at the natural background deposition, or as the 
protection level at the present deposition. 
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Figure 1. Theoretical relation between costs of nature management and the species protection level for two deposition 
scenarios (deposition in scenario 1 < deposition in scenario 2). The horizontal distance between the two curves 
indicates the difference in costs between deposition scenarios 1 and 2 
 
The present study - unlike the previous study - uses a nation-wide site-specific 
approach, i.e. calculations are made for each 250*250 m2 grid square where NTTs 
occur, using the local deposition and hydrological and soil conditions. Besides a 
constant deposition (as in the earlier study), this study also includes the effect of a 
gradually changing deposition.  
 
The ‘Supplementary’ approach 
In moorland pools the modelling approach used in the earlier study is not applicable 
because the models SMART-SUMO can not be used in this ecosystem. Earlier 
research (Wamelink et al. 2003) revealed that the models are insensitive regarding 
changes in management and nitrogen deposition in forests.  
Therefore management costs have been estimated for the latter ecosystems based on 
management measures taken in the OBN program (a subsidy program for measures 
against environmental influences) in 1990 - 2000, and the area over which such 
measures are necessary.  
 
For the evaluation of the scenarios it was assumed that costs decrease proportionally 
to deposition, and become zero when deposition equals the critical load for a given 
ecosystem. The critical loads were estimated on the basis of Achermann & Bobbink 
(2003) and van Dobben et al. (2004), and are given in Table 1. The decrease in 
deposition was estimated as the decrease in the country-wide average value, from the 
measured value in 2000 (CBS 2001) to expected mean values that are different per 
scenario. 
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Table 1. Critical load for Forest, Cladonio-Pinetum and Moorland pools (after: of Achermann & Bobbink, 
2003 and van Dobben et al. 2004). 
NTT mol/ha/yr
Forest 1429 
Cladonio-Pinetum 714
Moorland pools 500
 
 
2.2 ‘Nature Planner’ 
 
In this study three models (SMART2, SUMO2 and MOVE2) of the interface ‘Nature 
Planner’ set of modelling instruments (Latour et al. 1997) were used. The models are 
briefly described here. For more detailed information, see Kros et al. (1999) and 
Kros (2002) for SMART2, Van Dobben et al. (2002) and Wamelink et al. (2000) for 
SUMO2 and Latour et al. (1997) for MOVE2. A flow chart of the models is 
presented in Figure 2.  
The SMART2 model is a soil model simulating processes in the litter and the 
uppermost mineral layers. The model includes a complete nutrients cycle, the 
nitrogen and base caution cycles being the most important ones for the present 
study. The resulting nitrogen availability and soil acidity (pH) values were used as 
input for MOVE2. The SUMO2 model simulates the nutrient cycle in the vegetation. 
It uses factors like nitrogen availability (from SMART2) and light availability to 
simulate biomass development for five 'functional plant types': grasses and herbs, 
dwarf shrubs, shrubs and two different tree species. Biomass development is affected 
by management, which may include mowing and sod cutting at various levels of 
intensity. Biomass is removed by management, and as a consequence nitrogen (and 
in the case of sod-cutting also acid) is removed from the system. SUMO2 is fully 
integrated with SMART2, exchanging data on nitrogen and litter at each time step of 
one year. Both SMART2 and SUMO2 are dynamic process models that produce site-
specific output. 
 
The MOVE2 model is based on response curves for individual plant species. Such 
curves have been estimated for about 900 plant species on the basis of about 100,000 
vegetation relevés. The response values, expressed as the likelihood of a particular 
plant species to occur at a given combination of a-biotic factors, are based on 
Ellenberg's indicator values (Ellenberg et al. 1991) for moisture (F), acidity (R) and 
nutrient availability (N). The nitrogen availability and pH values used as input, 
however, are provided by SMART2-SUMO2 in physical units, which have to be 
converted into Ellenberg indicator values. This conversion is regarded as the main 
source of uncertainty in the model chain (Wamelink et al. 2002). In addition to the 
likelihood of individual plant species being present, MOVE2 can also calculate the 
likelihood of particular NTTs, based on the likelihood of the target species that 
constitute a given target type. A threshold value for the likelihood of a species being 
present is used to determine whether a species can actually occur. The number of 
species that can occur is expressed as a percentage of the total number of species 
defined for the particular NTT. This percentage is a measure of the protection level 
of the NTT, which was used in the present study as an indicator of the ecological 
quality of each NTT. 
Alterra-rapport 1051  25 
 Model
Data flow between models
Input from maps
SUMO 2 MOVE
E-pH
E-N
E-MSW
N
SMART 2
Soil
Vegetation
Deposition
Hydrology
Management
Protection
level
litter
 
Figure 2. Flow chart of the models SMART2 SUMO2 and MOVE with the main input 
 
 
2.2.1 Model input for the ‘Nature Planner’ 
 
The models discussed above require various types of input; the most important of 
which are discussed here. The site-specific input for SMART2 is contained in a soil 
map and a deposition map. The first provides data on soil type, water table and the 
quantity and quality of seepage. The second map includes data on acid and nitrogen 
deposition. The soil map is derived from the national soil-mapping project (Kros et 
al. 1995, Kros et al. 1999) and the deposition map from Beck et al. (2001). The water 
table is used to calculate the mean spring groundwater level (MSL), which is used in 
both SMART2 and SUMO2 and is also used as input for MOVE2. The present study 
worked on the assumption that the groundwater level is constant over time during 
the calculation period 2000-2020. The groundwater level data used were those for the 
year 2000.  
In this study deposition was assumed to change over time, more information can be 
found in paragraph 2.3. 
Input for SUMO2 consists of a map including the vegetation type and the type and 
intensity of management. In the present study, the type and intensity of management 
were varied for the NTTs assessed. The input for MOVE2 is the output of 
SMART2-SUMO2, that is, nitrogen availability and pH and the spring groundwater 
level (the latter being derived from the soil map). Regression equations are used to 
convert these values into the Ellenberg indicator values for F, R and N respectively 
(see Appendix 3).  
 
 
2.2.2 Optimal allocation of simulated sites 
 
The aim of the study was to estimate the total management cost, which is the sum 
over all NTTs of the cost per NTT. In principle the total cost of an individual NTT 
can be determined by performing a simulation for all sites in that NTT. This is 
however too expensive; a total number of 200 simulations was considered to be the 
maximum in this study. Therefore, for each NTT a random sample of sites was taken 
to estimate the mean cost per hectare for that NTT. The total cost of the NTT can 
then be estimated by the product of the surface of that NTT and the mean cost per 
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hectare. Given 200 sites for which a simulation can be performed, the question is 
how to choose the number of sites for each NTT such that the variance of the 
estimated total cost is minimised. It is clear that it is important to have a precise 
estimate of the mean cost per hectare for large NTTs. So the number of simulated 
sites for large NTTs should be larger than for small NTTs. On the other hand some 
NTTs will be more variable with respect to the cost per hectare. The number of 
simulated sites for such an NTT must also be larger in order to minimise the 
variance. The optimal allocation is such that the number of sites for an NTT is 
proportional to the product of the surface of that NTT and the square root of the 
variance for that NTT, see Cochran (1977). 
 
Three cases for the variance were considered: (1) the variance of the cost per hectare 
is equal for all NTTs; (2) the variance is proportional to the mean cost per hectare 
and (3) the variance is proportional to the squared mean cost per hectare (which is 
identical to proportionality between standard error and mean). For cases (2) and (3) 
an a priori estimate of the mean cost is needed to determine the optimal allocation. A 
small pilot study with 4 samples for 4 NTTs was conducted to decide which case 
should be considered. The results of this study are given in Table 2. 
 
Table 2.Results of a small pilot study to investigate if the variance in  the costs per hectare is equal for all NTTs 
or proportional to the mean costs per hectare or proportional to the squared mean costs per hectare. The a priori 
mean costs column is used for the latter two cases   
NTT Mean costs Variance Standard error a priori mean costs 
Hz-3.6 172 468 21.6 70 
Hz-3.9 314 103 10.2 96 
Hz-3.7 348 6 2.5 931 
Lv-3.4 874 27859 166.9 1255 
 
 
There is no clear relation between the variance (or standard error) and the mean, 
although the results for Lv-3.4 suggest that the variance increases with the mean. 
Moreover the mean costs of these NTTs were quite different from the a priori 
estimates of the mean costs. We adopted a cautious approach. With a total number 
of 200 simulations, the minimum number of simulations for a NTT was set to 3, 
even when the surface of an NTT is very small. Furthermore we assumed 
proportionality between the variance and the mean (case 2) for optimal allocation. 
The resulting number of sites per NTT, as well as the surface and the a priori mean 
costs, can be found in Appendix 1 
 
The sites were selected from the current Dutch NTT map using a randomiser. The 
Dutch NTT map that was used in this study (the standard map used in the model 
MOVE) gives the dominant NTT per 250*250m grid (which is also the grid size used 
in this study). This limits the number of occurrences per NTT on the map, because 
actually more than one NTT may be present in a grid. This is especially the case for 
seven NTTs which are never dominant and consequently do not occur on the above 
map. Therefore these NTTs could not be included in this study. Moreover for NTT 
Ri-3.3 only one site was available. This leaves a total of 180 sites for 27 NTTs. 
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2.2.3 Protection levels and management measures 
 
For each NTT simulated with the ‘Nature Planner’ calculations of the protection 
level and the costs are made for both the current and the decreasing deposition 
scenario (see also paragraph 2.3).  
 
For each NTT one or more management types were assigned to the different 
locations of the NTTs. For instance for Hz-3.8 ‘Dry grassland on sandy soils’ a part 
of the sites is mown, a part is mown and grazed and a part is grazed, based on the 
frequency of each management type carried out in The Netherlands. For heathland 
the moment of sod cutting is varied in time over the different locations of heathland 
in order to prevent that in the models all heathlands are cut simultaneously, e.g. in 
the case of three replicas the initial age of the first was set on 10 years (after the last 
cut, the second on 20 years and the third on 30 years for a sod cutting intensity of 
once every forty years.  
Information on management types is largely derived from nature managers and partly 
from expert judgement. 
 
The management intensities per NTT for the current deposition scenario are based 
on the present management.  
In the decreasing deposition scenario, four different management intensities were 
simulated for each NTT and location. The mowing frequency was varied from once 
every year to once every four years, grazing intensity was varied from no grazing to a 
maximum of 0,5 cows per ha and from 0,1 to 0,5 sheep per ha, and the sod cutting 
frequency was varied from once every 20 years to once every 60 years. 
 
The model simulations for the current deposition level result in a protection level per 
NTT and location. The protection levels of the different locations are averaged to 
calculate the protection level per NTT, which is used as the reference for the current 
deposition level.  
The four management intensities in the decreasing deposition scenario result in four 
different protection levels. The protection levels of the different locations are 
averaged to calculate the protection level of each NTT for each of the four 
management intensities in the same way as described above. From these four 
different protection levels per NTT, a protection level and management intensity are 
derived and used to calculate the cost for management at a lowered deposition level.  
 
When comparing the four different protection levels at lowered deposition levels per 
NTT, three situations may occur (Figure 3): 
1. The protection level at a reduced deposition level is in some cases lower and in 
some cases higher than the reference protection level, depending on the 
management intensity (situation 1); 
2. The protection level at a reduced deposition level is in all cases lower than the 
reference protection level (situation 2); 
3. The protection level at a reduced deposition level is in all cases higher than the 
reference protection level (situation 3). 
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In case of the first situation, an interpolation was made of the protection level and 
the management intensity, resulting in a management that leads to an equal 
protection level. This gives a clear comparison of the difference in costs for 
management between the current and the reduced deposition scenario for the NTTs 
involved. 
In the second situation, the simulation that leads to the highest level of protection is 
used for the calculation of management costs at the lowered deposition level for this 
NTT. The consequence is that for the NTTs involved a lower protection level is 
reached for the reduced deposition level compared to the current deposition level, 
while costs are reduced.  
In the third situation, the simulation with the lowest management intensity is used 
for the calculation of the costs. The consequence is that for the NTTs involved a 
higher protection level is reached for the reduced deposition level compared to the 
current deposition level, while costs are reduced.  
 
 
It may occur however that there are practical objections against the management 
intensity chosen following these rules. For example, the management intensity for 
grasslands may become too low for grassland vegetations, resulting in emergence of 
woody species. Therefore the feasibility of the management has been considered. In 
the cases of the grasslands, this has led to choosing more intensive - and more costly 
- management scenarios.  
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Figure 3. Three relations between management scenario and protection level for a given deposition level, that may 
occur 
 
 
2.3 Deposition scenarios 
 
Four different deposition scenarios were used in this study, two of which were used 
for the model simulations.  
The first scenario entails a constant deposition of sulphur and nitrogen, at the level 
of 2000. The deposition rates are site specific.  
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The second scenario is provided by the RIVM (pers. comm. Beck) and has a linearly 
decreasing deposition between 2000 and 2010, and a constant deposition after 2010. 
Figure 4 shows an example for two different sites of the first and the second 
scenario. The deposition per site is visualised in Figure 5 and Appendix 1 
 
The deposition of potential acid and nitrogen for the two scenarios mentioned above 
is calculated based on the emission of sulphurdioxide, nitrogenoxides and 
ammonium. For this purpose the model OPS was used (Van Jaarsveld, 1995). This 
model simulates the atmospheric dilution and transport and then calculates the yearly 
deposition per grid cell. The figures for the year 2000 are based on the actual 
emission figures, combined with the actual weather conditions. The influence of 
weather over the years is about 10-20%, i.e. depending on the weather the deposition 
at a certain grid cell may be up to 20% lower or higher compared for different years 
(assuming a constant emission). However the real deposition is higher, because 
international sources are not included. That is why the deposition for SOx, NOx and 
NHy was raised with 54, 49 and 75 mol/ha respectively. For ammonium the raise is 
extra high to correct for the ‘missing’ ammonium deposition. 
The linear decreasing deposition from 2000 till 2010 is based on the EU directive on 
emission for The Netherlands (EU 2001). The goal of this directive is to gain the 
same reduction on emission in the year 2010 for all European countries compared to 
1990. For some countries, including The Netherlands, the reduction targets are set 
higher, because they have on the one hand relative high emissions and on the other 
hand relative vulnerable natural areas. Therefore for The Netherlands the measures 
to reduce the emission are not only based on the directive. Extra measures of known 
effectiveness to reduce emission reduction as well as policy goals are part of the 
scenario (Beck et al. 2004). The influence of weather on the deposition is based on 
the average weather conditions over the period 1980-2000. In contrast with the 
figures for the year 2000 only the ammonium deposition is corrected for 
international sources and the ammonium gap (with 75 mol/ha). 
The deposition simulation is done for grid cells of 5*5 km. Within the grid cell the 
deposition rate varies for the different vegetation types (forest intercepts more 
deposition than i.e. grassland) and the distance to emission sources. The largest 
variation is caused by the spatial distribution of deposition of NHy. 
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Figure 4. Deposition scenarios for two sites in The Netherlands 
 
 
Figure 5. Difference in nitrogen deposition (in mol/ha) over the simulation period (21 years) between the constant 
deposition scenario and the decreasing deposition scenario in 2020 
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The third and fourth scenario were used for forest and moorland pools. Their 
starting point is the country-wide average deposition in 2000. These scenarios 
entirely concentrate on N as it is not possible to discriminate between measures to 
mitigate effects of acidification and those to mitigate effects of nitrogen enrichment. 
Although in practice many measures alleviate effects of both acidification and 
eutrophication, nearly all measures are primarily intended to counteract 
eutrophication. This scenario, unlike the others, is not site specific. Figure 6 gives the 
spatial pattern for the deposition of total N for 2001. For forest and moorland pools 
we used a deposition of 2312 mol.ha-1.yr-1 for nitrogen, calculated from the nation-
wide site specific deposition rates as used in the first scenario. These deposition rates 
were assumed constant in the third scenario. 
For the fourth scenario (with reduced deposition rates) we used an initial deposition 
of 2312 mol.ha-1.yr-1 for nitrogen, linearly decreasing to 1304 mol.ha-1.yr-1 in 2010, 
and from 2010 a constant deposition rate of 1304 mol.ha-1.yr-1.  
 
 
Figure 6. Average yearly deposition rate in 2001 (after: RIVM, 2003) 
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2.4 Decisions in management and cost scenarios 
 
In order to calculate the costs of the various NTTs a number of assumptions need to 
be made, either to keep the calculations as plain and transparent as possible but also 
in order to deal with uncertainties. In this chapter these assumptions are clarified.  
 
 
2.4.1 Financial approach 
 
The costs for management measures are mainly based on time standards and 
standard rates (Staatsbosbeheer, 2000a; IMAG DLO, 2001). The time standards are 
based on field measurements and include allowances for ancillary tasks such as 
moving from one site to another, personal care, tool maintenance, short brakes and 
short deliberations. 
The standard rates are based on standardised methods for the calculation of 
machinery and labour (Staatsbosbeheer, 2000a; de Jong et al, 2003). The rates for 
machinery include depreciation costs, interest costs, fuel costs, maintenance costs, 
insurance costs, and garage costs. The labour costs include salaries, wages, 
contributions and allowances. A 20% surcharge was added to the management costs 
for overheads (work supervision, administration, operational costs, profits and 
contractors’ financial risks). 
In cases where required data from costs standards were not available, the data were 
supplemented with data from additional research and data from nature management 
organisations.  
Data on costs are described in the following paragraphs and in Appendix 4. 
 
Costs are calculated only for measures that vary depending on the level of deposition. 
Examples are costs for sod cutting, mowing and grazing. These variable costs are 
based on the intensity of measures simulated in SMART2-SUMO2, and 
specifications of these measures such as the amount of bio-mass removed and the 
grazing density. 
 
Fixed costs, which do not depend on the level of management effort or the level of 
atmospheric deposition, are excluded from the calculations, as are costs for which 
the relationship with management effort or deposition levels was unclear. These 
include: 
- costs of measures not implemented for the direct aim of vegetation 
development, for example costs for recreation or wild life management; 
- costs of peripheral management, for example maintenance of ditches and 
fences; 
- monitoring and general management planning; 
- hydrological measures (providing drainage ditches); 
- costs for infrastructure; 
- levies and property related taxes. 
 
The costs calculations are based on the prise level of 2004. Cost calculated using past 
price levels and rates are adjusted using a 2% inflation rate. For the scenario runs, 
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which run from 2000 to 2020, costs and benefits are adjusted for 2% inflation per 
year.  
 
The present value of past and future costs and benefits can provide useful 
information for decisions on single investments at the particular year. However, for 
the current study yearly costs need to be made in order to reduce the level of 
deposition. Therefore the present value of past and future costs and benefits has not 
been calculated. 
 
 
2.4.2 Costs scenarios 
 
The calculations of costs are based on the current management practices. For the 
calculation of nature management costs on national level, a wide range of data on the 
actual management practice is required. Exact data on the actual management 
practice on national level is not always available. In some cases expert-judgement is 
used to estimate factors influencing the costs.  
 
In order to deal with the uncertainties three cost scenarios are calculated; a medium 
scenario, a low costs scenario and high costs scenario, resulting in a likely range of 
differences in costs between deposition scenarios. 
 
The medium scenario is the base for the calculations and is thought of as being the 
most likely scenario. In the low costs scenario more optimistic assumptions are made 
for the calculation for both the current and the reduced deposition level. This means 
that the difference in the costs for the involved management measure between the 
current and the reduced will generally be lower as well. In the high costs scenario 
more pessimistic assumptions are made, resulting in a larger difference in the costs 
for the involved management measure.  
The values of the low costs and high costs assumptions are indicated between 
brackets: 
 
[low costs assumption ~ high costs assumption]. 
 
For example: the exact transportation distance for organic materials is not exactly 
known, although an estimate can be made, based on information from nature 
managers and on the number of composing installations in The Netherlands. Based 
on this information the average distance for transporting grass and heather sods for 
composting will be between 15 and 25 km. Therefore a average distance of 20 km is 
used for the medium costs scenario and 15 km and 25 km distances for the low and 
high cost scenario respectively are used, or : a distance of 20 km [15 ~ 25 km] is 
used. 
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2.4.3 Linking costs to model output  
 
The model output, used for the calculation of nature management costs per 
management scenario and deposition level mainly consists of quantities of biomass 
removed by grazing, mowing, sod cutting and removal of young trees. Besides, the 
density of grazing animals is indicated.  
 
When possible, the costs for management activities are determined per quantity of 
biomass removed (sod cutting, mowing, transportation of organic matter, removal of 
trees seedlings). This is done to show the effect of a reduced amount of biomass 
removed from the fields. 
Still, part of the costs are calculated per time a measure is carried out, namely in cases 
where there is no relation between the amounts of biomass removed or when the 
relation is unclear (for example for tedding, swathing, fencing, sampling). 
 
The costs and benefits for grazing depend on the number of grazing days. The 
grazing density used as input for SMART-SUMO in some cases exceeded the density 
the terrain could supply food for (grazing takes place above a certain amount of 
biomass available; it is assumed that the grazers will be moved after the food supply 
runs out). Although this has no effect on the vegetation development in SMART-
SUMO, it means this input could not be used for the calculation of costs. Therefore 
the number of grazing days is determined by the vegetation uptake as calculated in 
SMART-SUMO and the average daily food uptake by sheep or cattle.  
 
Costs and benefits from harvested organic matter are based on the vegetation 
reduction as calculated by SMART-SUMO. Since SMART-SUMO returns dry matter 
biomass, a conversion to fresh biomass and fresh sod mass is required.  
The conversion of dry matter biomass to fresh grass biomass is based on a dry 
matter biomass content of 25% [30 ~ 20%] for fresh grass, and 40% for medium dry 
silage grass (van Oorsponk, 1999; van Doorn et al, 2001; Vink and Wolbers, 1997).  
The conversion of organic matter from reed and rough land is based on a higher dry 
matter content, namely of 60% [70 ~ 50%], since the vegetation is mown mainly in 
wintertime. 
For the conversion of dry matter biomass from sod cutting a 30% [36 ~ 25%] dry 
matter biomass content of total weight is used, calculated from 60% [65 ~ 55%] 
organic matter per dry matter, and 50% [45 ~ 55%] dry matter of total weight 
(Zwart, 2001; Riem Vis, 1985). 
 
 
2.4.4 Renting out land 
 
Nature conservation organisations rent out part of their lands to farmers, who carry 
out the management measures on these lands as a part of their farm enterprise 
activities.  
Costs for management measures on these rented lands are not included in the 
calculations. Instead, in some cases a benefit is assumed. 
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The percentage of land rented out to farmers is based on contract information on 
national level from the State Forest Service and information from individual nature 
managers. Their information made clear that a large portion of dry grasslands is 
rented out, while slightly less than half the area of moist grasslands is rented out and 
hardly any of the area of wet grasslands is rented out.  
Several nature managers stated that among farmers the demand for renting land 
decreases with decreasing biomass production. The explanation for this may lay in a 
lower nutritional value of crops grown on less fertile soils, and higher harvesting 
costs per quantity of crops. However, the exact relationship between biomass 
production and demand for renting land is not clear. Therefore distinction is made 
between grasslands with different production levels for the medium costs scenario 
(Table 3), while for the high costs scenario a slightly lower portion of rented out land 
is assumed. For the low costs scenario a constant portion of rented out land is 
assumed. For the higher production level (> 3000 kg dry matter ha-1yr-1) the medium 
costs scenario has a higher portion rented out than for the low costs scenario.  
 
Table 3. Portion of grassland rented out 
Production biomass 
(1000 kg ha-1yr-1) 
Cost scenario dry grassland Cost scenario moist grassland 
 medium low high medium low high 
< 2 50% 90% 40% 30% 55% 25% 
2 - 3  75% 90% 75% 40% 55% 40% 
> 3 90% 90% 85% 55% 55% 45% 
 
 
2.5 Clusters of nature target types based on the ‘Nature Planner’ 
approach 
 
2.5.1 Heathlands 
 
Heathlands are presently managed by sod cutting in combination with removal of 
tree seedlings or in combination with grazing.  
 
The calculations are based on combinations of these measures. The calculations are 
based on grazing by sheep (picture 1). 
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Picture 1. Grazing of ‘heathland’ by sheep. Visible is an overgrazed part of a large heathland in the North of The 
Netherlands 
 
Sod cutting 
Sod cutting can be carried out large scale using specially designed machines, or small 
scale, using an excavator (picture 2). Data from the State Forest Service and the Unie 
van Bosgroepen indicates that the large scale method is used on about half of the 
area, while the small scale method is used on the other half of the area. The cost 
calculations are based on 50% [40% ~ 60%] small scale sod cutting. 
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Picture 2. Dune heathland after local sod cutting. Sods and the upper soil layer were removed. Behind the cut strip 
the old situation is visible; a vegetation dominated by grasses partly caused by deposition. On the background a 
strip that was cut several years ago dominated by heath 
 
Disposal of heather sods 
Until recently, the heather sods from sod cutting were applied in agriculture for soil 
improvement. Recent regulations no longer allow this practice and the sods should 
be treated as a waste material, which means high costs for disposal. Regulations will 
probably be changed in the nearby future, legalising the use of organic matter from 
heath lands in agriculture. However, at present heather sods from sod cutting are to 
be composted, while only a small portion can be used locally, e.g. in the nature 
reserve it came from.  
 
The medium costs scenario is based on the current practise of composting most of 
the heather sods (90%), where a small portion (10%) is locally used. The low costs 
scenario is based on local use of all the heather sods, namely in agriculture, like the 
way it used to be in recent years. The high costs scenario is based on composting all 
of the heather sods. 
 
Table 4. Disposal of heather sods from heathlands 
Disposal Medium Low High
Local use in agriculture 10% 90% 0%
Composting 90% 10% 100%
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The costs for transportation of heather sods for local use are based on a 
transportation distance of 6 km [4 ~ 8], while for composting heather sods a 
transportation distance of 20 km [15 ~ 25 km] is used. 
 
The costs for local applying heather sods on agricultural fields are € 7.50 [€ 5.00 ~ 
10.00] per 1000 kg heather sods. The costs for composing heather sods are € 22 [€ 
12 ~ 33] per 1000 kg for composting heather sods, based on a company specialised 
in composting heather sods which uses a price for composting of € 12 per 1000 kg 
heather sods, where other companies calculate a prise of € 33 per 1000 kg heather 
sods.  
 
Grazing 
The costs for grazing (by sheep) are calculated by multiplying the number of grazing 
days per hectare by the costs per grazing day.  
 
The number of grazing days per hectare are calculated from the food uptake of 
biomass per year according to SMART-SUMO, in combination with an average food 
uptake per day per sheep according to Vink and Wolbers (1997) of 1.65 kg [2.0 ~ 1.3 
kg] dry matter. 
 
Both herded grazing and fenced grazing occur. Herded grazing takes place on 30% 
of the heathland area, while 70% of the grazing area is fenced. The percentages are 
based on a total area of 8600 ha herded heathland grazing according to Elbersen et al 
(2003) and a total grazing area of heathlands of almost 29,000 ha in SMART-SUMO. 
 
The costs per grazing day are based on Elbersen et al (2003) who calculated the costs 
for 26 herds of different sizes and owners. The costs per grazing day vary depending 
on the costs and benefits per sheep, and the number of grazing days (sheep spend a 
few weeks per year in a stable). Based on a net cost per sheep of € 166 [€ 102 ~ 229] 
and 319 grazing days per year [355 ~ 304 days], the costs per grazing day are € 0.52 
[€ 0.31 ~ 0.75] for herded grazing. 
 
For fenced grazing the costs for herded grazing, according to Elbersen et al (2003), 
are taken as a starting point. The labour costs of these costs are reduced to half a 
man-year (from 1.65 man-year [1.8 ~ 1.5 man-year] for herder grazing), resulting in a 
total cost per grazing day of € 0.31 [€ 0.20 ~ 0.43]. Costs for fences are € 19.25 [€ 
16.67 ~ 23.57] per fenced hectare, based on a price of € 59 per 100 m per year and 
an average grazing area of 150 ha [200 ~ 100 ha].  
 
 
2.5.2 Grassland 
Grasslands are managed by mowing, grazing or a combination of mowing and 
grazing (picture 3 and 4). An important aspect of the costs for this cluster concerns 
the portion of rented out land. 
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Picture 3. Grazing of extensively managed grassland by ‘wild’ cows 
 
Renting out land 
As mentioned in paragraph 2.4.4, a portion of the grasslands is rented out. Nature 
managers indicated that the benefits of renting out grasslands are rather small; in 
some cases a benefit up to € 100 per hectare is obtained, but in other cases no 
benefits are obtained at all. Since the value for the land for agricultural purposes is 
related to the production level of the soil, the benefit from renting out land is linked 
to the production level. A benefit of € 10 [€ 20 ~ 5] per 1000 kg biomass per hectare 
is used. 
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Picture 4. Mowing of wet grassland using special equipment; an expensive measure 
 
Harvesting and disposal of harvested grass 
Harvesting activities carried out under own management are divided into regular 
harvesting and harvesting using special equipment on tracks for wet soil conditions. 
Dry grass lands are always harvested using regular equipment, moist grasslands are 
harvested using special equipment (Picture 4) in 50% of the cases, while wet 
grasslands are harvested using special equipment in all cases. 
 
There are several canals for disposing of the harvested grass. Nature managers 
indicated that the harvested grass from dry grasslands is usually used for agricultural 
purposes, either sold to farmers or collected for free. In some cases a small benefit is 
obtained. The harvested grass from wet grasslands is in almost all cases removed and 
composted, while that from moist grasslands is partly removed composted and partly 
used for agricultural purposes. The assumptions used in the cost calculations for dry 
and moist grasslands are indicated in Table 5. 
When used for agricultural purposes, a benefit of € 10 [€ 20 ~ 5] per 1000 kg 
biomass (dry matter) is calculated, while the costs for composting are € 32.65 per 
1000 kg fresh weight.  
Costs for transportation of harvested vegetation (grass) are calculated based on a 
transportation distance of 20 km [15 ~ 25 km] for composting and 2 km [1 ~ 4 km] 
for local agricultural use. 
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Table 5. Destination of harvested grass from dry, moist and wet grasslands, for the three cost scenarios 
Grassland type Portion of harvested grass composted Portion of harvested grass used for agricultural 
purposes 
 Cost scenario   Cost scenario   
 medium low high medium low high 
Dry 0% 0% 25% 100% 100% 75% 
Moist 50% 25% 75% 50% 75% 25% 
Wet 100% 75% 100% 0% 25% 0% 
 
Grazing  
Grazing in grassland is mainly done by cattle, usually young cattle or meat cattle. 
Cattle from farmers is used for grazing, leading to a small benefit in some cases, but 
the grazing is done without any payments. The costs consist of costs for supervision 
of cattle and fencing.  
 
Benefits from grazing and costs for supervision are calculated per grazing day. The 
number of grazing days per hectare is calculated from the food uptake of biomass 
per year according to SMART-SUMO, in combination with a medium food uptake 
per day according to Vink and Wolbers (1997) of 6.6 kg dry matter for young cattle 
and meat cattle. 
 
The benefits per grazing day are € 0.15 [€ 0.20 ~ 0.05] based on Van Haperen 
(1997).  
The costs for supervision of cattle are based on time expenditures according to Van 
Haperen (1997) and Anonymous (1983): 0.02 h [0.01 ~ 0.04 h] per animal per day, or 
€ 0.59 [€ 0.29 ~1.18] per grazing day. 
The costs for fencing are € 27.23 [€ 24.36 ~ € 31.45] per ha, based on a price of € 
27.23 per 100 m per year for cattle fences and 100 m [89 ~115 m] fences per ha on 
average.  
 
Sod cutting 
The costs for sod cutting are calculated in the same way as those for heathlands 
(paragraph 2.5.1). 
 
 
2.5.3 Reed and rough land 
 
Reed and rough land is presently managed by mowing in winter once every two years 
for the current deposition scenario (picture 5). Most of the area is mown using 
special equipment as used for wet grasslands (paragraph 2.5.2), while the other part is 
mown using a single-axis tractor. The single axis tractor is mainly used on fields that 
can not be reached over land.  
Most of the organic matter from the reed and rough lands is removed for 
composting, while part of this matter is burned or piled in the field, especially when 
the field can not be reached over land. Still, a small part of the organic matter in 
practice is transported over water. 
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The calculations are based on a portion of 60% [50 – 70%] of the area mown using 
special equipment and removal for composting, while 40% [50 – 30%] is mown 
using an single axis tractor and burning or piling in the field. 
Costs for transportation of organic matter are based on a transportation distance of 
20 km [15 ~ 25 km]. The costs for composting medium dry organic matter are € 
40.50 (de Jong et al, 2003). Costs for transportation of organic matter over water are 
not included because data about of lack of data about these costs. 
 
 
Picture 5. Harvested reed near the road in a low land bog (National Park The Weerribben) 
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2.6 Clusters of nature target types based on the ‘supplementary’ 
approach 
 
2.6.1 Forest 
 
General measures for forests on sandy soils 
In the Netherlands, forests have been under considerable acidification stress since 
the 1960's (Heij & Schneider 1991). Reported effects of 'acidification' (i.e. the effect 
of atmospheric deposition of acidity and nitrogen) include loss of vitality, root 
damage, decline of mycorrhiza, loss of biodiversity in the understory vegetation, and 
forest dieback. However, in the Netherlands dieback in the sense of death of 
complete tree stands never occurred except in the most extreme situations. Even 
growth reduction has not been shown, and rather, it is feasible that growth 
stimulation occurs at high levels of N deposition (Wamelink et al. in prep). Therefore 
the economic loss caused by acidification in forest is hard to estimate. However, it is 
generally assumed that stimulated growth in combination with the increased leaching 
of nutrients (caused by acidification and nitrogen enrichment) cause a risk to forests 
in the long run. Such risks may only become apparent when extreme events occur, 
e.g. frost, storm or draught. In the past 10 years, three measures have been applied to 
reduce this risk: 
1. addition of minerals to the forest floor, to compensate for the accelerated 
depletion of the nutrient pools in the soil (mainly phosphorus, potassium and 
lime); 
2. selective thinning in order to improve the forest's vertical structure and tree 
species composition, to enhance its resistance to the extreme events mentioned 
above (picture 6); 
3. transformation of stands, which is only applied in case the above mentioned 
measures are not effective. 
 
It is generally assumed that only forests of nutrient-poor, sandy soils are affected by 
deposition (Heij & Schneider 1991). However, some of the large nature managing 
organisations in The Netherlands take no specific action such as addition of nutrients 
or selective thinning. Therefore the calculations of the costs are based on a relatively 
small portion of the total nation-wide forest area treated with the above mentioned 
measures. 
 
There are no examples of repeated nutrient addition in the Netherlands. From 
experimental research in other countries it can be concluded that application of lime 
remains effective for at least 10 years, probably even for 20 years (Kreutzer 1995, 
Tamm et al. 1999). In this project we estimate a repetition frequency of once per 20 
years for nutrient addition. At each repetition, a new soil analysis should be 
necessary. 
The costs for addition of minerals are based on a treated area of 20% [10 ~ 30%] of 
the total forest, with a frequency of once every 20 years. The costs per hectare per 
time are € 335, based on information from project carried out by the Unie van 
Bosgroepen. 
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The costs for selective thinning are based on a treated area of 30% [20 ~ 40%] of the 
total forest over the period 2000 - 2020. Only the costs for tree selection are 
considered, since these are subsidised. These costs amount to € 85 per ha, based 
information from project carried out by the Unie van Bosgroepen. 
 
The costs for transformation are based on a treated area of 0.1% of the total forest 
over the period 2000 - 2020, with an average cost for replanting of € 3000 per ha. 
 
 
Picture 6. Thinning in a mixed pine-oak stand 
 
Measures for Cladonio-Pinetum 
There is one forest type that deserves special attention, namely Cladonio-Pinetum. 
This type evolved from pine plantations that were mostly set up on blown sand and 
heathland. In the past this forest type had an extremely high diversity of lichens and 
mosses (e.g., Bannink et al. 1973). Over the period 1970 - 1980 the lichen-rich 
understorey vegetation changed into a grass-dominated vegetation (De Vries 1982), 
leading to a severe loss of biodiversity (Van Dobben et al. 1999). Usually this decline 
is ascribed to atmospheric deposition, although normal succession would also lead to 
decline of the lichen vegetation, but on a longer term (Klap & Schmidt 1995). As 
most of the forest of this type was planted during the period of high unemployment 
in the 1930s, it could be estimated that under the present deposition levels, decline of 
biodiversity takes place after ca. 40 years. Various counter-measures have been 
considered, most notably sod-cutting and felling the complete stand (and thereby, 
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starting succession again). Sod-cutting in combination with thinning has been proven 
to be effective (Bartelink et al. 2001) but expensive (Klap & Schmidt 1995). 
 
Costs are calculated using a frequency for sod cutting of once every 100 year (one 
rotation) for at a deposition level below the critical load, while at the current 
deposition level extra sod cutting is required after 50 years (once every rotation). 
Cladonio-Pinetum is assumed to be realised on 1% of the sandy soils, or 1032 ha.  
 
The costs for sod cutting in Cladonio-Pinetum are further calculated based on the 
experiences of Klap and Schmidt (1995), who found a time consumption of 11 days 
[10 ~ 12 d.] per ha for small scale sod cutting and approximately 600 tons [500 ~ 700 
tons] of organic matter removed per ha. 
The same ways of disposing of organic matter are used as for heathlands (paragraph 
2.5.1). 
 
 
2.6.2 Moorland pools 
 
Acidification of lakes and concomitant fish dieback were the first effects of 
atmospheric deposition reported (Heij & Schneider 1991). Although this type of 
effect is most pronounced in areas with shallow soil and acidic bedrock e.g. Canada 
or Scandinavia, comparable effects are observed in moorland pools in the 
Netherlands. Reported effects are decline of microphytes (especially diatoms, Van 
Dam 1987), decline of macrophytes (Litorellion vegetation, Roelofs 1983, Arts 1990), 
decline of amphibians and fish (Bellemakers 1991).  
Two mechanisms are important: acidification and eutrophication. After the strong 
decline of S deposition during the 1990s, the pH and alkalinity of open water tended 
to increase, which led to a fast recovery of microphytes (Van Dam et al. 2003). 
However, at the same time eutrophication has remained at a high level, and 
restoration measures are required to maintain or restore macrophyte biodiversity 
(Van Dam et al. 2003, Brouwer et al. 1996). Many moorland pools suffer from 
accumulation of organic matter, which has led to the disappearance of Litorellion 
species, which require and open, sandy bottom. Dredging has been used on a large 
scale as a measure to counteract eutrophication and to restore the environment 
required by Litorellion species. To estimate the total cost to counteract effects of 
deposition, two considerations are important: (1) organic matter accumulation is only 
partly due to atmospheric deposition; and (2) dredging cannot be applied (or is not 
necessary) in all moorland pools. 
 
Ad (1): accumulation of organic matter is a natural process that is accelerated by 
deposition. Another factor that leads to accumulation is the afforestation of the 
surrounding of moorland pools that took place on a large scale during the period 
1930 - 1950. The afforestation itself is not a result of deposition but rather of active 
management i.e. planting (see above) or of abandonment of heathland and natural 
succession. However, forest development has probably been accelerated by 
deposition. Afforested shores lead to increased supply of organic matter in the form 
of litter, and a decreased wind speed and thereby a decreased turbulence with in turn 
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decreases the oxidation of organic matter. In some pools accumulation of organic 
matter proceeded quite rapidly after dredging, leading to a layer of considerable 
thickness even after c. 5 years (Arts, pers. comm.). Here it is assumed that at the 
present level of atmospheric deposition dredging is necessary at 20-year intervals. 
However this estimate is subject to considerable uncertainty. 
 
 
Picture 7 Dredging of a pool near Wageningen 
 
Ad (2): the most effective restoration measures depend upon the chemistry and 
hydrological situation. Dredging is an effective measure to remove surplus nutrients 
and organic matter, however if buffer capacity is low it may lead to a rapid re-
acidification of the water. Therefore additional measures are often needed to increase 
buffer capacity. These measures may be either liming, or hydrological measures to 
increase or install a supply of alkalinity. It depends on the local situation which of 
these measures can be taken. In general, liming of surface water has a number of 
drawbacks. On the short term it leads to the disappearance of softwater species, 
while its effect on water pH is not very long-lasting. Therefore catchment liming is 
now considered as a more appropriate measure (Brouwer et al. 1996).  
 
Dredging is a measure that can be applied in most pool types (picture 7 and 8), while 
hydrological measures or liming can be applied in some pool types, additional to 
dredging. It could be argued that the costs of liming only are low and can be left out 
of consideration. It is, however, not possible to estimate the total numbers of pools 
that require liming.  
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Therefore, a more simple approach has been used in the present study, based on Arts 
et al. (2002). This report gives an overview of the ecological and chemical situation of 
a representative sample of Dutch moorland pools, and restoration measures taken in 
these pools. Table 6 is a summary of their Appendix 2. This table leads to the 
conclusion that about half of the Dutch moorland pools (57%) have to be dredged 
or have been dredged to counteract eutrophication. Apart from atmospheric 
deposition, eutrophication may have various other causes. Such causes may be e.g. 
birds (gull colonies, ducks, swans), recreation, waste dumps or wastewater, 
agriculture, use as fishponds (sometimes accompanied by active fertilisation), etc.  
Table 7 gives an overview of causes of eutrophication in the moorland pool sample 
in Arts et al. (2002, Appendix 2). It is assumed that eutrophication is caused by 
atmospheric deposition if another cause is not immediately clear, and therefore the 
categories 'unknown' and 'atmospheric deposition' were added. These two categories 
are 48% (rounded up) of all eutrophicated moorland pools. It is assumed that the 
portion of atmospherically eutrophicated pools that can be restored by dredging is 
57% * 48% is 27%. 
 
 
Picture 8. Forest moorland pool after intensive restoration. The pool was dredged and the surrounding forest was 
partly cut 
 
The calculation of costs is based on a (rounded) portion of moorland pools that need 
dredging of 27%. The total area of moorland pools according to the Dutch NTT 
map is 3192 ha. A dredging frequency of once every 20 years [25 ~ 16.6 years] is 
used. Cost standards for dredging moorland pools are not available, since the costs 
per ha vary strongly between different locations depending on the local conditions. 
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Based on information of the State Forestry Service and the Unie van Bosgroepen 
estimated costs of € 30,000 [€ 20,000 ~ 40,000] per ha are used. 
 
Table 6. Number of moorland pools that are inspected, the number of pools dredged and the number of pools that 
need dredging (after: Arts et al, 2002) 
Province total # 
pools 
inspected 
# pools 
dredged
# pools probably 
qualified for 
dredging
Groningen 2 0 0
Friesland 6 1 1
Drenthe 42 8 12
Overijssel 20 6 6
Gelderland 27 11 6
Utrecht 2 2 0
N Brabant 47 15 9
Limburg 32 14 11
Total 178 57 45
 
Table 7. Causes of eutrophication of moorland pools (after: Arts et al, 2002) 
cause of eutrophication # of moorland 
pools
portion 
Agriculture 11 13% 
Birds, recreation, fishery, waste dump, wastewater 33 39% 
Deposition 7 8% 
Unknown or not specified 33 39% 
Total 84 100% 
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3 Results 
3.1 Clusters of nature target types based on the ‘Nature Planner’ 
approach 
 
3.1.1 Protection levels for nature target types in ‘Nature Planner’ 
 
The reduction of deposition in the computer simulations led for 60% of the 
evaluated area to an increase of the protection level in 2020 when using a similar 
intensity of management measures. This means that for lowered deposition levels the 
management intensity could be reduced, while still reaching an equal or higher 
protection level compared to the current deposition level. For several NTTs even for 
the lowest management intensity higher protection levels are predicted then for the 
high deposition level. One could argue that even a less intensive management can be 
applied. However this would lead to unrealistic management regimes, where for 
instance unwanted succession could take place. A mowing frequency once every four 
years may be too low to maintain certain grasslands and reed and rough lands, so a 
minimum mowing intensity of once every three years is used. 
At 40% of the area the protection level for the reduced deposition level was lower 
than the protection level at the current deposition level, when the same intensity of 
management measures was used. However, in some cases this protection level 
increased when the management intensity was reduced, even resulting in a higher 
level of protection than the protection level at the current deposition level. 
The increase of protection level trough a less intensive management may indicate 
that these sites become too poor when the current management intensity is 
maintained. 
However these results may also be caused by a flaw in the models or incorrect 
allocation of the NTT. The flaw in the models is most likely caused by either the 
translation of physical soil units (by the SMART model) into the Ellenberg indicator 
values (needed by MOVE; see Wamelink et al. 2002). It is likely that mistakes have 
been made by the planning and identification of the NTTs. This may result in a NTT 
that is situated on the wrong soil or the wrong groundwater table, in our case the 
NTT is planned on a too poor soil. Reduction of the deposition then will lead to a 
lower protection level. 
 
Less intensive management at lower deposition levels, as described in paragraph 
2.2.3, led to still a higher protection level at the lower deposition level at 60% of the 
area (Table 8). For 6% of the area the protection level for the lowered deposition 
level and reduced management intensity was equal to the protection level at the 
current deposition level, while for 34% of the area the protection level for the 
lowered deposition level and reduced management intensity was lower than the 
protection level at the current deposition level. 29% of this 34% however, reached a 
protection level that was just 2% below the protection level at the current deposition, 
while the remaining 5% reached a slightly lower protection level. In non of the cases 
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the decrease of protection level at lowered deposition was bigger than 4% compared 
to the protection level at the current deposition level. 
 
The protection levels of both grasslands and reed and rough land in most cases 
increased. The protection levels of grasslands and reed and rough land in the coastal 
regions decreased however in most cases (NTTs 82, 83, 84, 85, 98). For three types 
of grassland (NTT 5, 9 and 81) an equal protection level could be reached. This 
indicates that reed and rough land are also influenced at least partly by deposition 
rates. The protection levels of both dry and wet heathland types slightly decreased.  
 
 
Picture 9. Moist grassland on sandy soil (Hz-3.7) 
 
The protection levels per NTT for both the current deposition level and the current 
management and for the lowered deposition level with adjusted management are 
shown in Table 9. The weighted average protection level for the current deposition 
levels is 21.4 while for the lowered deposition levels, the weighted average protection 
level is 28.8. This means that the protection levels increased for lowered deposition 
levels compared to the current deposition levels, even though a less intensive 
management is used.  
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Table 8. Effect of reduction of deposition level and management intensity on the protection level of NTTs 
 Area Portion
Higher protection level 130,019 60%
Equal protection level 11,188 6%
Lower protection level 74,160 34%
 
Table 9. Average protection level per NTT (over the sites per NTT) in 2020, for the current deposition level 
scenario and the reduced deposition level scenario with a less intensive management 
NTT    Area (ha)  Protection level 2020 
Number Name Description Current 
deposition level 
Reduced 
deposition level 
and a less 
intensive 
management
4 Hl-3.4  Dry grassland 545 6.0 11
5 Hl-3.5  Dry grassland 392 17.7 17.7
6 Hl-3.6  Dry grassland 2,543 26.3 40.0
17 Hz-3.3 Reed and rough land 6,336 20.3 27.8
19 Hz-3.5  Dry grassland 9,975 17.3 17.3
20 Hz-3.6  Dry grassland 23,130 6.6 32.7
21 Hz-3.7  Moist grassland (picture 9) 24,173 4.9 12.1
23 Hz-3.9  Dry heath and open sand (picture 10) 28,744 46.8 45.9
24 Hz-3.10  Moist heathland 16,850 11.5 10.3
38 Ri-3.3  Reed and rough land 4,504 37.0 44.0
39 Ri-3.4  Wet grassland 9,290 2.4 12.6
40 Ri-3.5  Dry grassland 7,479 0.7 7.7
52 Lv-3.3 Reed and rough land (picture 12) 8,648 11.6 25.2
53 Lv-3.4 Wet grassland (picture 11) 12,295 10.4 19.8
54 Lv-3.5 Dry grassland 15,617 17.5 37.3
65 Zk-3.4 Reed and rough land 6,424 34.3 40.0
66 Zk-3.5  Wet grassland 4,571 43.9 52.3
67 Zk-3.6  Dry grassland 15,314 46.2 45.5
80 Du-3.4 Reed and rough land 215 23.0 27.7
81 Du-3.5  Wet grassland 821 51.0 51.0
82 Du-3.6  Dry grassland 1,238 73.3 72.0
83 Du-3.7  Dry grassland 9,460 33.5 31.3
84 Du-3.8  Dry heath and open sand 530 66.3 62.3
85 Du-3.9  Moist grassland 1,113 17.7 17.7
98 Az-3.4  Reed and rough land 911 30.7 28.3
99 Az-3.5  Dry grassland 904 38.7 42.0
105 Gg-3.2  Salt and brackish grassland 3,345 8.3 10.7
 Weighted 
average 
protection 
level 
 21.4 28.8
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3.1.2 Costs for management measures for the medium costs scenario 
 
In this paragraph the results of the cost calculations for the medium costs scenario 
are presented per cluster of NTTs.  
 
Heathlands 
At the current deposition level, the costs for management of heathlands amounts € 
27.3 million on average per year over the period 2000 - 2020. When the deposition 
levels are reduced and management is less intensive the costs are reduced to € 23.7 
million, resulting in a reduction of costs of € 3,6 million per year in average over the 
period 2000 - 2020, or 13%. 
 
 
Picture 10. Dry heathland on sandy soil (Hz-3.9) a few years after (large scale) sod cutting 
 
Dry heathlands contributed € 2.0 million of these savings, or € 69 per ha, while Wet 
heathlands contributed € 1.6 million of this amount, or € 96 per ha. The reduction of 
costs is mainly due to a lower frequency of sod cutting, a lower grazing intensity and 
a decrease of biomass removed by 12% for dry heathlands and 17% for wet 
heathlands.  
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Grassland 
At the current deposition level, the costs for grassland amounts € 45.2 million on 
average per year over the period 2000 - 2020. A reduction of the deposition level 
results in a total cost of € 17.2 million, reducing the average costs per year by € 28.0 
million. 
 
 
Picture 11. Species rich wet grassland (Lv-3.4) on peat 
 
 
The largest contribution to this cost reduction comes from 26,977 ha of wet 
grasslands, namely € 20.4 per year on average over the period 2000 - 2020. This 
reduction of costs is caused by a strong reduction of mowing frequency - from once 
a year to once every three years - and to a reduction of biomass removed. The 
reduction of costs for wet grasslands amount € 758 per ha per year on average over 
the period 2000 - 2020. The reduction of costs per hectare is relatively large 
compared to the other grassland type because of the relative high costs per hectare 
for harvesting, and because of the high portion of harvested grass that is composted. 
The costs of moist grasslands, with a total area of 25,286 ha, are reduced by € 6.5 
million, or € 254 per ha on average over the period 2000 - 2020.  
The reduction of costs for dry grasslands is relatively small, namely € 0.9 million per 
year on average over the period 2000 - 2020, or € 11 per ha per year. This relatively 
small contribution is due to lesser benefits from sales of grass, grazing and renting 
out land. 
54 Alterra-rapport 1051 
The costs for salt grasslands are reduced by € 0.2 million per year on average over 
the period 2000 - 2020, or € 69 per ha per year. This reduction of costs is due to a 
lowered grazing intensity. 
 
 
Reed and rough land 
At the current deposition level the costs for Reed and rough land over the period 
2000 - 2020 amounts € 21.2 million on average per year. Lowering the deposition 
levels results into total costs of € 13.1 million, reducing the costs by € 8.1 million. 
The reduction of costs amount € 299 per ha per year on average. 
The reduction of costs could be realised by reducing the mowing frequency (from 
once every two years to once every three years in most cases) and by reducing the 
amount of biomass removed by about 38%. 
 
 
Picture 12. Species rich reed land (Lv-3.3) on peat 
 
 
3.2 Clusters of nature target types based on the ‘Supplementary’ 
approach 
 
As described in paragraph 2.1, the reduction of costs for Forest, Cladonio-Pinetum 
and Moorland pools has been related to the reduction of deposition and the critical 
loads of these clusters. The deposition scenarios, as described in paragraph 2.3 are 
shown in Figure 7, together with the critical loads, as described in paragraph 2.1.  
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Figure 7. Current and reduced deposition levels, as described in paragraph 2.3, and the critical loads for Forest, 
Cladonio-Pinetum and Moorland pools 
 
Forest 
The costs for measures related to effects of deposition in forest at the current level 
of deposition amounts to € 1.7 million on average per year, over the period 2000 - 
2020. Reducing the level of deposition results in a reduction of costs of € 1.3 million 
per year on average, over the period 2000 - 2020; a reduction of 80%.  
The reduction of costs is relatively high, since the reduced deposition level drops 
below the level of the critical load (1429 mol/ha) of these forest on sandy soils in 
2009 (Cladonio-Pinetum excluded). Since the level of deposition is reduced to a level 
below the critical load, no extra measures to reduce the effect of atmospheric 
deposition are taken after 2009. Figure 8 shows a strongly increasing reduction of the 
costs in the period 2000 - 2009, and from 2010 a slightly increase caused by the 
yearly increase of prise levels by 2%. 
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Figure 8. Development of the reduction of costs per year for forest (Cladinio-Pinetum excluded), over the period 
2000 - 2020. 
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Reduction of costs for addition of nutrients (forests on sandy soils) contributed 
largely to the reduction of costs for forests, namely € 0.9 million per year, on average 
over the period 2000 - 2020. Selective thinning and transformation of forests 
contributed € 0.36 million and € 42 thousand respectively.  
 
The costs for sod cutting in Cladonio-Pinetum were reduced by € 0.2 million per 
year, from € 0.4 million to € 0.2 million, on average over 2000 - 2020. This means a 
reduction of costs of 49%. This reduction of costs is smaller than the reduction for 
the forest on sandy soils mentioned above.  
 
Moorland pools 
The costs for measures taken to reduce the effects of deposition in moorland pools 
(picture 13) at the current deposition level are € 1.5 million per year on average over 
the period 2000 - 2020. At a lowered level of deposition the costs for these measures 
amount up to € 0.9 million, resulting in a reduction of cost of € 0.6 million per year 
on average.  
This reduction of costs by 43% is limited because the reduced level of the deposition 
of 1304 mol.ha-1yr-1 remains high compared to the critical load of 500 mol.ha-1yr-1 for 
moorland pools. 
 
 
Picture 13. Moorland pool surrounded by dry heath on sandy soil 
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3.3 Total reduction of costs 
 
3.3.1 Total reduction of costs for the medium costs scenario 
 
The total reduction of costs for management measures, as outlined in the previous 
paragraph, amounts up to € 42 million per year on average over the period 2000 - 
2020 (Table 10). 
 
The major part of the cost reduction is realised for the clusters calculated using the 
‘Nature Planner’ approach, namely € 39.7 per year on average over the period 2000 - 
2020. 
 
Table 10. Differences in costs for nature management measures between the current and the lowered deposition 
level, in euro per year on average over the period 2000 - 2020 
Cluster Area Total average costs (€/yr) at the 
current and lowered deposition 
level 
Difference in cost 
(€/yr) 
  Current dep. Lowered dep.  
heathlands 46,124 27.3 23.7 3.6 
grasslands 142,205 45.2 17.2 28.0 
reed and roughland 27,038 21.2 13.1 8.1 
Sub-Total 215,367 93.7 53.9 39.7 
Forest 304,801 2.1 0.6 1.6 
Pit 3192 1.5 0.9 0.6 
Total 523,360 97.3 55.3 41.9 
 
 
In Figure 9 the moving average (three-year periods) difference in costs per year are 
shown. The irregular shape of the line is caused by varying time intervals between 
management measures for different NTTs. There is a slight increase of the difference 
in costs per year between 2000 and 2020, but this increase is largely due to the price 
correction of 2% per year. 
The average difference in costs is € 42.0 million per year over the last three year of 
the evaluated period (2018 - 2020).   
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Figure 9. Moving average difference in costs (three-year periods): management costs at the current deposition level 
minus management costs at lowered deposition level 
 
In order to calculate the average reduction in management costs per quantity of 
deposition two sources of deposition levels can be used. The first source is the 
calculation of the average deposition levels of the (180) locations used in the "Nature 
Planner" approach (paragraph 2.1). The other is the average reduction of deposition 
nation wide (paragraph 2.3). Since the locations used in the "Nature Planner" 
approach include a limited number of NTTs, with a relatively low number of 
locations on sandy soils where a relative high deposition level may occur (after all, 
forests and moorland pools are excluded) this first base might give an 
underestimation of the deposition levels nation wide. Therefore the nation wide 
mean deposition levels are used to calculate the difference in costs per quantity 
deposition reduction. 
 
Using a current level of nitrogen deposition of 2312 mol.ha-1yr-1 and a lowered level 
of nitrogen deposition of 1304 mol.ha-1yr-1 (paragraph 2.3) the difference in costs for 
management measures between the current and the reduced deposition level totals  
41 thousand Euro per year per mol N ha-1yr-2 (Table 11). In other words, on average 
over a nitrogen deposition reduction from 2312 to 1304 mol per hectare per year, a 
reduction of one mol per hectare per year can lead to a reduction of costs for nature 
management of € 42 thousand per year for the involved NTTs nation-wide. 
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Table 11. Deposition levels and difference in costs in euro nation-wide,  per mol deposition reduction per ha per 
year 
Deposition level of nitrogen 
(mol/ha/yr) 
Difference 
(mol/ha/yr)
Difference in costs 
nation-wide (€/yr)
per reduction of 1 
mol/ha/yr)
Current 
deposition 
Lowered 
deposition 
2312 1304 1008 41634
 
 
3.3.2 Sensitivity of assumption/suppositions 
 
As described in paragraph 2.4.2, two extra costs scenarios, namely a high and a low 
cost scenario are calculated in addition to the medium costs scenario. The results of 
the three scenarios are shown in Table 12. The low costs scenario shows a difference 
in costs between the two deposition scenarios of € 25.4 million per year, where the 
high costs scenario shows a difference in costs of € 62.5 million per year on average 
over 2000 - 2020. The differences in costs are caused by the variation in assumptions  
as described in paragraph 2.4, 2.5 and 2.6. Both the high and the low cost scenario 
are not likely, since they combine all the pessimistic respectively optimistic 
assumptions.  
 
Table 12. Total costs at current and lowered deposition levels, and difference in costs, for three costs scenarios 
Cluster Total costs at current 
deposition level, in €/yr over 
2000 - 2020. 
Total costs at lowered 
deposition level, in €/yr over 
2000 - 2020. 
Difference in costs, in €/yr 
over 2000 - 2020. 
 Medium Low High Medium Low High Medium Low High
Heathlands 27.3 11.2 47.8 23.7 9.7 41.4 3.6 1.5 6.4
Grasslands 45.2 24.3 70.8 17.2 8.5 27.8 28.0 15.8 43.0
reed and 
roughland 
21.2 16.7 27.2 13.1 10.4 16.7 8.1 6.3 10.5
Sub-Totaal 93.7 52.2 145.8 53.9 28.6 85.9 39.7 23.6 59.8
Forest 2.1 1.9 2.4 0.6 0.5 0.7 1.6 1.5 1.7
moorlands 1.5 0.8 2.4 0.9 0.5 1.4 0.6 0.3 1.0
Total 97.3 54.9 150.5 55.3 29.5 88.0 41.9 25.4 62.5
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4 Discussion 
Sensitivity analyses of calculations 
In order to get an impression of the effect of some of the important assumptions on 
the study results, calculations have been made using assumptions from the high costs 
or the low costs scenarios. The results are outlined in Table 13. The table shows the 
total costs for the medium costs scenario for both the current and the reduced 
deposition level and the difference between these costs, as described in chapter 3. 
Besides, the table shows the costs for these deposition levels and the difference in 
costs between them using one different assumption at the time. The last column of 
the table indicates the net effect of the adjusted assumption on the result. 
 
Table 13. Effect of adjustments in assumptions on the total costs at the current deposition level, the total costs at 
the reduced deposition level, the result (difference in these total costs), and the difference in result caused by a 
changed assumption. The figures are an average over 2000 - 2020 
 Total costs (medium costs 
scenario) 
Result Difference
 Current dep. 
(million €)
Reduced dep. 
(million €) 
difference in 
total costs 
(million €)
(million €) 
Outcome of this study 98 57 42 -
  
Adjustment  
30% dry matter content in grass  (is 25%) 90 54 37 -4.5
70% dry matter content in reed and rough vegetation  (is 60%) 97 56 42 -0.2
60% dry matter content in heather sods (is 50%) 94 53 41 -0.6
50% organic matter contend of dry matter in heather sods (is 60%) 103 61 43 0.7
Food consumption of sheep 1,3 kg/d (is 1,66 kg/d) 98 57 42 0.1
60% small scale sod cutting of heather on (is 50%) 99 57 42 0.1
90%  of sods from heather applied on agricultural land (is 10%) 88 48 41 -1.4
Constant portion rented out land of 75% for dry grassland and 40% 
for moist grassland (is varied depending on production level) 
100 57 43 1.1
Benefits of hay and renting out land € 0 (is € 10 per 1000 kg dry 
matter) 
101 58 44 1.7
Composting 75% of organic matter from wet grasslands  (is 100%) 94 55 39 -2.6
Removal and composting 70% of organic matter from reed and 
roughland (is 60%) 
99 57 42 0.3
Transportation distance for organic matter for composting 15 km (is 
20 km) 
96 55 41 -0.5
 
It can be read from the table that in many cases the adjustment of the assumptions 
can have a relatively large effect on the total costs for both deposition scenarios. For 
example, a change in the assumed dry matter content of heather sods to 60% (from 
50%) leads to reduction in costs of 4.1 million euro per year (on average over 2000 - 
2020). However, since this adjusted assumption leads to a reduction in costs of 3.5 
million per year as well for the reduced deposition scenario, the effect on the study 
result (the difference) is only 0.6 million. 
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In that way most changes of assumptions lead only to a small difference in the results 
of this study. Some of the assumptions however have a relatively large effect on the 
study results. An increase of dry matter content of harvested grass to 30% (from 
25%) results in a decrease of the study result of 4.5 million euro per year (on average 
over 2000 - 2020), which is a difference of more than 10%. 
Other important factors are the portion of organic matter from wet grasslands that is 
composted, the benefits from hay and renting out land, the portion of heather sods 
that is applied on agricultural land, and the portion of grassland rented out. 
 
Nature Target Types in ‘Nature Planner’ and abnormalities  
For 34% of the area the protection level for the lowered deposition level and reduced 
management intensity was lower than the protection level at the current deposition 
level (29% of this 34% however, reached a protection level that was just 2% below 
the protection level at the current deposition). We have identified three mean reasons 
for this:  
1) For this research we used the old NTTs (MOVE does not model the new NTTs 
at this moment and the NTT map is based on the old NTTs). New NTTs are 
available, where more attention was paid to the internal coherence of the species per 
NTT and the relation of the species with the abiotic conditions. Since we think that 
one of the problems is that the old NTTs are situated on soils with unsuitable abiotic 
conditions, using new NTTs may solve part of the problem.  
2) Although improved, the translation from physical units (output from SMART-
SUMO) into Ellenberg indicator values still gives a large uncertainty, especially for 
nitrogen availability into Ellenberg N. Together with the uncertainty in occurrence of 
plant species at low N Ellenberg indicator values this causes that the protection level 
of several NTTs drops at low N availabilities. 
3) The NTTs consist of several vegetation types which gives a certain diversity in 
NTTs. This may result in more than one optimum for the percentage species 
protected for nitrogen availability in the soil.  
 
For several NTTs the protection levels do not really change between the different 
management regimes and even not between the two deposition scenarios. This may 
also partly be due to the above mentioned reasons. Since the old NTTs are often 
very broad defined for abiotic conditions, but also for species composition, a NTT 
may contain many different vegetation types with their own species and a-biotic 
preferences. Changes in abiotic conditions may therefore lead to a different 
vegetation type but with the same number of species that may occur. The protection 
level will then not change.  
 
NTTs taken into account 
In this research we included a part of the Dutch nature (see Table 14). Important 
groups that were left out are: 
- all natural and semi-natural NTTs,  
- all waters and 
- the multifunctional nature except some of the forests (those multifunctional 
NTTs, mainly grasslands, are often fertilised and therefore not taken into 
account).  
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Roughly one third of all nature in the Netherlands is taken into account. This does 
not mean that NTTs which are not taken into account will not benefit from a 
decreasing deposition, most likely the natural and semi-natural NTTs will. Since no 
direct (management) costs are made in these areas it is unclear if there will be a 
financial gain as well.  
 
Table 14. Surface area of the included and not included natural areas in the Netherlands 
Vegetation group included Surface (* 1000ha) 
grassland yes 142 
heathland yes 46 
reed and rough land yes 27 
moorland pools yes 3 
forest yes 305 
grassland and heathland not on NTT map no 8 
multifunctional 'nature' no 66 
natural areas no 267 
semi-natural areas no 186 
water no 497 
Total 1547 
 
Mark that in this research only the effects of reduced deposition and management on 
plant species and vegetation types is investigated. The effects on for instance insects, 
bacteria, fungi or birds are not taken into account, but it is certain that they will be 
affected as well. The reduction of deposition levels will probably have a positive 
influence. 
We did not use the models for the calculation of waters and moorland pools, because 
they are not equipped for it. Other models for the simulation of management effects 
do exist, but we did not investigate the applicability of them for this research.  
 
Effects of management on the vegetation 
In general the effects of management on the vegetation are as expected. When the 
management is intensified and more biomass and nitrogen is removed, a higher 
percentage protected species is realised. However for some vegetation types this is 
not the case; the percentage protected species does not increase, or even decreases, 
although more biomass and thus nitrogen is removed from the system (as is 
discussed above).  
On the other hand the simulations show clearly that management also influences the 
effect of deposition on reedland and rough land. This implies that these relatively 
nutrient rich systems are also influenced by deposition. Thus management may also 
be used to improve the quality of this vegetation type and not only for the harvest of 
reed or the rejuvenation of Phragmites australis.  
The effect of mowing in combination with a decreasing deposition in grassland may 
be so strong that in the future the mowing intensity also has to decrease to prevent 
some grasslands to become too nutrient poor for the designated NTT. 
We have assumed that management is the tool to counteract the effects of excessive 
deposition (besides this, there are also possibilities to take measures at the source). 
But management can not solve all problems. For instance when grasslands are mown 
more than once a year more nitrogen is taken out of the system, but this may still 
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lead to the loss of species because they can not tolerate that mowing regime. The 
opposite may also occur, mowing once every four year may be possible when the 
deposition decreases (and this gives the highest savings), but that frequency may be 
too low, consequently species will disappear and succession to rough land may take 
place. Another well known problem is sod cutting. To maintain the heath lands sod 
cutting once every 20 years is necessary at the moment, but for some species the time 
to return after sod cutting is longer than that period and species will be lost due to 
high management intensity. So adjusted management can be effective for removing a 
surplus of deposition but only within a certain range of deposition.   
 
Relationship between deposition and nature management costs 
The relationship between deposition and nature management costs are calculated 
using the current and the reduced deposition level (which can be site and/or NTT 
specific). This results in a difference in costs per difference in deposition level that is 
valid for this particular range of deposition levels.  
The shape of the relationship between costs and deposition (whether this would be 
e.g. linear shape or a s-shape) however is not clear. 
This difference in costs per difference in deposition level therefore cannot simply be 
used to calculate the difference in costs for other ranges in deposition levels. Not 
when these ranges lie within nor when these ranges lie outside the range of 
deposition levels used in this study.  
The shape of the relationship between nature management costs can be described by 
repeating the current study for different ranges of deposition levels. 
 
In the supplementary approach the deposition values used are not site-specific. It is 
assumed that a good estimation of cost reduction can be obtained by relating the 
costs themselves to the country-wide average deposition values, and the cost 
reduction to the decrease in average deposition. It could be argued that most poor 
forests and most moorland pools are located in the sandy parts of the Netherlands 
and therefore receive a higher-then-average deposition. However, it should be noted 
that our approach is correct as long as the percentage decrease in local deposition 
equals the percentage decrease in average deposition. The effects of deviation from 
this assumption are probably small compared to other sources of uncertainty.  
 
The method used in this study is only valid as long as the deposition is above the 
critical loads. When the deposition drops below the critical loads in principle no gain 
in biodiversity can be achieved by extra management and thus, no money can be 
saved.  
 
Deposition; relation between nitrogen and acid  
In this study we looked at the effects of the combination of management and 
decreasing deposition on the percentage protected species. The deposition in our 
research consist of nitrogen and acid deposition, where nitrogen deposition partly 
also causes acidifying deposition. The results are most prominent presented for 
nitrogen deposition, since the effects of nitrogen deposition can relatively simple be 
counteracted by management (e.g. intensifying the already practised management). 
This does not mean that the effects of acidifying deposition are less severe. 
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Counteracting these effects with management will ask for sometimes drastic and 
expensive or even impossible measures, like changes in groundwater management or 
restoration of seepage. A cheaper solution is liming, but except for moorlands and a 
few forests it is not often practised in The Netherlands. 
But, as stated in the description of the limitations of this study (chapter 1.3), this 
does not mean that the reduction of acid deposition does not influence the results. 
The percentage protected species is influenced by acid deposition as well as nitrogen 
deposition.   
 
Model simulations versus expert knowledge based scenarios.  
We used two different methods to asses the avoidable costs caused by deposition. In 
our view the better of the two methods is using the Nature Planner set of models. It 
has the benefit of objectivity, where the method used for forest and moorland pools 
is more expert based and thus less objective. Moreover with the models it is possible 
to simulate the effect of a deposition scenario for every year. But since the Nature 
Planner is not fully equipped yet for moorland pools and our earlier study showed 
that in forest there is virtually no effect is to be expected on the protection level of 
the species, we had to choose for another more expert based method. Although both 
methods result in an amount of money that may be saved, the question is if the 
methods give comparable results with a comparable uncertainty. We think that the 
model runs give a more accurate estimation of the effects of management on 
deposition, but that the resulting costs from both methods are comparable and thus 
can be lumped to one figure. 
 
Hydrology 
The hydrology within the nature target types is regarded as constant within this 
study. It is assumed commonly that there's a close relationship between changes in 
availability of nitrogen and acid and hydrology. It is recommended to do further 
research on the relationship between reduction of deposition, protection level, costs 
of management and hydrology. Effects of restoration of the ground water level to a 
natural situation on protection level deserve special attention.  
 
Avoidable costs compared to extra expenditures to mitigate negative effects of 
deposition 
In 1989 the Dutch government started a programme with the objective to mitigate 
the negative effects of environmental hazards like acidification, eutrophication and 
groundwater depletion (the so called ‘Survival plan for forest and nature’) on nature.  
The total amount of money spent within this programme in the period 1989-1999 
was 33 million Euros.  
In our research we found that nation-wide 42 million euro can be saved yearly on 
average over the period 2000 - 2020 when targets for reduction of atmospheric 
deposition are met. 
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Possibilities for using the research method in other countries 
The model results as well as the costs results are typical for the situation in The 
Netherlands and can therefore not without caution be translated to other countries. 
But the method is most likely applicable in a number of Western and Central 
European countries with only minor adjustments. The models are currently only 
validated for The Netherlands and for some parts of the UK. We believe that the 
models can be applied for a large part of lowland West and Central Europe with only 
minor adjustments. At first sight the NTTs might cause a problem since they are 
typically Dutch, but the model calculations are based on the species in the NTTs and 
not on the NTTs itself. The species pool will probably be large enough for the 
calculation of parts of the above mentioned areas. When necessary new species can 
be added to the species pool in MOVE, as long as the Ellenberg indicator values of 
the species is known.  
The models will most certainly not be applicable in mountainous areas and in the 
(polar) North of Scandinavia and in the South of Europe. In these regions 
parameters that are not included in the models such as day length and frost (in the 
North) and long dry periods and other growth seasons (in the South) play an 
important role and are not included in the models. Also the species pool in these 
regions will be different. Adjusting the models for these regions involves many 
extensions to the models. 
 
Also important for the application outside the Netherlands is the management 
regime. Managing nature may be seen also as something typical Dutch, but grasslands 
are mown and grazed everywhere and sod cutting also takes place in other countries. 
Therefore we think that at least for grasslands and heathland the method will be 
applicable outside The Netherlands.  
When the method will be applied to Europe, deposition will vary more widely than 
for The Netherlands, especially for the low deposition levels. The gain in percentage 
protected species will be on average lower than in The Netherlands due to a lower 
average deposition level. There will be areas where nitrogen deposition is still low 
and will therefore not decrease. As a result the management can probably not be 
adjusted and no money will be saved in those areas. In areas where the deposition is 
comparable with The Netherlands (e.g. England, parts of Denmark and Germany, 
Belgium) the savings due to a lower deposition may be of the same magnitude.  
 
For the application of the method in Europe in our view the following research has 
to be carried out.  
1. Estimation of the critical loads for the combination of vegetation types and 
abiotic parameters (i.e. soil type, soil pH, precipitation) throughout Europe. 
2. Estimation of the acid and nitrogen deposition at the site level throughout 
Europe. 
3. Establish where the current deposition exceeds the critical load, only at these 
sites (extra) management is necessary to counteract the effects of deposition 
(only on these sites avoidable costs are made). 
4. Make an inventory of the management carried out for the vegetation types. 
Like for the Netherlands (natural and semi-natural) vegetation types that are 
never managed may be left out. But one could also choose to include them 
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since one could argue that management should take place to counteract the 
effects of deposition. 
5. If not already known appoint target species for the vegetation types. 
6. Adjust MOVE by adding European species (with known Ellenberg indicator 
values) and vegetation types. 
7. If necessary adjust SUMO for the management. 
8. Calculate the management costs for Europe. 
 
When the above points are met then the developed method may be used for Europe, 
within the limits set for the model applications (i.e. at the moment lowland non 
Mediterranean Europe). Probably not all the activities have to be carried out for all 
the vegetation types. Critical loads already have been established for many vegetation 
types and the deposition map for Europe is available.  
At this moment, it is not possible to make a rough estimation of avoidable 
management costs for Europe as a whole.  
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5 Conclusions 
- The Dutch Nature Target Types map was the basis for this study. From this 
map we can derive that there is 1050 thousand ha of terrestrial nature. From 
this 1050 thousand ha of terrestrial nature 523 thousand ha is taken into 
account in this study. There are two reasons why part of the terrestrial nature is 
not taken into account. The first reason for this is that some Nature Target 
Types are not susceptible to atmospheric deposition. The second reason is that 
in some Nature Target Types no management is advisable because 
spontaneous processes in those types are of high importance.    
- The research method written down in a former study (with the ‘Nature 
Planner’ as a basis for assessments) was not applicable on the total area of 
terrestrial nature that was taken into account. We used the ‘Nature Planner’ for 
calculations for 215,367 ha of terrestrial nature.  
- Because of the above mentioned, we used a different method for assessing the 
relationship between deposition, ecological quality and management costs for 
307,993 ha forest and moorland pools.   
- Calculations based on the ‘Nature Planner’ showed that the average protection 
level of the nature types heathlands, grasslands and reed and rough lands 
increases from 21.4 to 28.8 by a lowered deposition level and a less intensive 
management.  
- The method used for forests and moorland pools is not suitable for drawing 
conclusions about the protection level of forests and moorland pools. The 
method is only suitable for drawing conclusions about the relationship between 
(decrease of) deposition and management costs (under certain assumptions).  
- In this study we calculated that nation wide 42 million euro can be saved yearly 
on average over the period 2000 - 2020 when targets for reduction of 
atmospheric deposition are met: 
- savings for Heathland (a total of 46,124 ha) are 3.6 million euro a year; 
- savings for Grassland (a total of 142,205 ha) are 28 million euro a year; 
- savings for Reed an rough land (a total of 27,038 ha) are 8.1 million euro 
a year; 
- savings for Forests (a total of 304,801 ha) are 1.6 million euro a year; 
- savings for Moorland pools (a total of 3192 ha) are 0.6 million euro a 
year. 
- On average, over a nitrogen deposition reduction from 2312 to 1304 mol per 
hectare per year, an average reduction of one mol per hectare per year nation-
wide can lead to a reduction of costs for nature management of € 41 thousand 
per year for the involved NTTs nation-wide, while realising a higher average 
level protection for heathlands, grasslands, and reed and roughlands. 
 
Three important assumptions of this study are:  
- all nature taken into account, as planned on the NTT map, is realised,    
- all nature taken into account, is well protected against negative effects of 
deposition by management 
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- the protection level, which is the basis for this study, pertains to the potential 
suitability of nature areas for target species.  
It's very important to take those assumptions into account when using the outcome 
of this study.   
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Appendix 1 Variation in area and management costs 
 
Surface area and management costs per NTT used for the estimation of the number of 
sites per NTT. The number of sites is given in the fifth column. Note that the costs are 
just a rough estimation, which may differ from the costs that were eventually calculated 
per hectare in this research. The NTT ZK-3.7 with a surface of 0 ha was not used. The 
NTTs with the remark ‘not on the map’ were not used because they do not occur as a 
dominant NTT on the Dutch NTT map on a 250 * 250m grid. For Ri-3.3 only one 
occurrence was available. 
 
Table 15. Surface area and management costs per NTT used for the estimation of the number sites per NTT. 
Move nr Code surface costs No sites Remarks 
3 Hl-3.3 75 156 3 Not on the map 
4 Hl-3.4 545 552 3  
5 Hl-3.5 392 72 3  
6 Hl-3.6 2543 70 3  
7 Hl-3.7 223 931 3 Not on the map 
17 Hz-3.3 6336 156 4  
19 Hz-3.5 9975 72 4  
20 Hz-3.6 23130 70 9  
21 Hz-3.7 24173 931 33  
22 Hz-3.8 2849 78 3 Not on the map 
23 Hz-3.9 28744 96 13  
24 Hz-3.10 16850 148 10  
38 Ri-3.3 4504 156 3 Only one occurrence 
39 Ri-3.4 9290 931 13  
40 Ri-3.5 7479 70 3  
52 Lv-3.3 8648 156 5  
53 Lv-3.4 12295 1255 20  
54 Lv-3.5 15617 106 8  
55 Lv-3.6 289 122 3 Not on the map 
65 Zk-3.4 6424 156 4  
66 Zk-3.5 4571 985 7  
67 Zk-3.6 15314 70 6  
68 Zk-3.7 0 122 0 Not on the map 
79 Du-3.3 598 70 3 Not on the map 
80 Du-3.4 215 156 3  
81 Du-3.5 821 931 3  
82 Du-3.6 1238 70 3  
83 Du-3.7 9460 72 4  
84 Du-3.8 530 96 3  
85 Du-3.9 1113 269 3  
97 Az-3.3 561 152 3 Not on the map 
98 Az-3.4 911 156 3  
99 Az-3.5 904 70 3  
105 Gg-3.2 3345 145 3  
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Appendix 2 NTTs per cluster of NTTs 
 
 
Table 16. NTTs per cluster of NTTs, and their surface in The Netherlands. 
Name Surface 
(ha)
NTT (Bal et al. 1995) 
Dry heath and open 
sand 
32123 hz-3.9, du-3.8 
Moist heathland 16850 hz-3.10 
Grassland 116626 du3.9, hl-3.7, hz-3.7, lv-3.4, ri-3.4, du-3.5, zk-3.5, 
hl-3.5, hl-3.4, hz-3.5, du-3.7, lv-3.5, ri-3.5, du-3.6, 
az-3.5, hl-3.6, hz-3.6, zk-3.6, az-3.3, zk-3.3, du-3.3, 
gg-3.2 
Reed and rough land 27113 hl-3.3, hz-3.3, lv-3.3, ri-3.3, az-3.4, du-3.4, zk-3.4 
Subtotal surface 222712  
Not with SUMO  
Forest 304801  
Moorland pools  3192  
Subtotal surface 307993  
Total surface 530705  
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Appendix 3 Regression equations for MOVE2 
 
The output of SMART2-SUMO2 (pH of the soil and nitrogen availability) for MOVE2 is 
given in physical units as is the groundwater level (derived from a map). The MOVE2 
model needs Ellenberg indicator values (Ellenberg et al. 1991) as input. The translation 
of the physical units is probably the most awkward step in the model chain. For this 
research we used the regression equations estimated by Wamelink et al (2002a and 
2002b). The table below gives the estimates for the parameters for the three regression 
equations. 
 
Regression parameters for the equations (f(x) = α1x + α0) for the translation of soil pH, 
spring groundwater level (msl) and nitrogen availability into Ellenberg indicator value for 
acidity (R), moisture (F) and nutrient availability respectively (N). 
translation α0 α1 
pH into R 0.14 0.84 
msl into F 7.83 -0.0111 
Navail into N 0.4452 0.8185 
 
Disadvantages of the use of these transfer functions are extensively discussed in 
Wamelink et al. (2002), but the main criticism is that the uncertainty in the translation is 
for a large part caused by the bias in the Ellenberg indicator values. This bias is 
particularly strong when different vegetation types are compared with each other. But in 
this research vegetation types are only compared for different scenarios and no 
comparison is made between the different types. This neutralises more or less the effect 
of the bias.  
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Appendix 4 Supplementary data on costs 
Table 17. Standard rates (adjusted, after: Staatsbosbeheer, 2000a). 
 Costs(€ per hour), 
including 20% overhead costs
Labour 29.39
Tools 0.31
Tractor (65-75 kW) 16.17
Tractor (75-90 kW) 19.85
Single axis tractor 11.24
Rotary mower 3.43
Hay tedder 3.56
Windrower 1.87
Forage harvesters  15.67
Round Balers 15.67
Truck with loader 29.74
Excavator 16.80
Sod cutting machine 93.60
Dumper 9.30
 
Table 18. Time standards (after: Staatsbosbeheer, 2000a; Imag DLO, 2001). 
Activity time standard 
(hour)
 unit 
Mowing and collecing w/ single-axis tractor 27.00 ha 
Mowing w/ tractor and rotary mower 1.90 ha 
Tedding 1.10 ha 
Sod cutting 0.0085 m3 
Windrowing 0.9 ha 
Hay collection  0.45 ton ds 
Hay loading 0.05 ton 
Hay transportation w/ tractor 0.07 km 
Hay transportation w/ truck 0.02 km 
 
Table 19. Cost standards (adjusted, after: De Jong et al, 2003, Staatsbosbeheer, 2000a).  
Activity Unit Cost in €, per scenario 
  medium low high 
Mowing and collecting w/ mower on 
tracks, moist terrain 
1000 kg dry matter 117 83 188 
Mowing and collecting w/ mower on 
tracks, wet terrain 
1000 kg dry 
matter 
181 104 250 
Transportation of mower on tracks hectare 100 67 150 
Chemical analysis of heather sods analysis 450 375 500 
Processing of heather sods on 
agricultural land 
1000 kg fresh 
weight 
7.50 5.00 10.00 
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Appendix 5 Site specific deposition rates for the "Nature Planner" 
approach  
 
 
 
 
Figure 10. Deposition rate of nitrogen of the constant deposition scenario over the simulated period (in mol/ha). 
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Figure 11. Deposition rate for the decreasing nitrogen deposition scenario over the simulated period (in mol/ha) 
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Figure 12. Deposition rate for the constant sulphur deposition over the simulated period (in mol/ha) 
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Figure 13. Deposition rate for the decreasing sulphur deposition over the simulated period (in mol/ha). 
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Figure 14. Difference in nitrogen deposition (in mol/ha) between the constant deposition scenario and the decreasing 
deposition scenario over the simulated period. 
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Figure 15. Difference in sulphur deposition (in mol/ha) between the constant deposition scenario and the decreasing 
deposition scenario over the simulated period. 
 
 
